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Gas Welded Pipe Joints 


The use of gas welded joints in 
pipe lines has been adopted by 
many of the largest oil and natural 
gas companies. 

Hundreds of miles of welded 
pipe lines are used daily with 
complete satisfaction. 

Linde Service Engineers working 
with Linde users have played an 
important part in establishing 
standard practices for welding 
joints on all kinds of piping. The 
result of this practical experience 
in the development of gas welded 


pipe joints is placed within conve- 
nient reach of every Linde user 
through Linde Service. 

Because of the unusual interest 
over the entire country for infor- 
mation about gas welded pipe 
joints the Linde Company has pre- 
pared a booklet which should be 
of interest to every large user of 
piping. 

A copy of ‘“‘How Welded Joints 
Solved Pipe Line Troubles,’’ may 
be secured upon request from our 
nearest District Sales Office. 











Linde Service is the logical development of Linde’s Desire to give 
its patrons every facility and service in the use of Linde Products 


For your convenience—31 plants—58 warehouses 


THE LINDE AIR PRODUCTS COMPANY 
Carbide and Carbon Building, 30 East 42d St., New York City 
The Largest Producer of Oxygen in the World 
District Sales Offices: 
Atlanta Chicago Detroit New Orleans Pittsburgh 
Baltimore Cleveland Kansas City Now York San Francisco 


Boston Dallas Los Angeles Philadelphia Seattle 
Buffalo Milwaukee St. Louis 


LINDE OXYGEN 
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S. Navy Crane Ship No. I 


The vital part that high-grade engineering plays 
in the defense of the country is re mphasized by the 
article in this issue describing the largest floating 
erane in the world—and the only sea-going one 
into which the old battleship Aearsarge has recently 
been converted. The difficult nature of the engi- 
neering problems involved in rebuilding the hull and 
in constructing the crane will be readily apparent, 
and their solution reflects great credit upon (American 
engineers, in particular those of the U. S. Nav \ and 
of the Wellman-Seaver-Morgan Company who were 
charged with the responsibility for the achievement. 


Orifice Coefficients 


Jacob M. Spitzglass, vice-president and consulting 
engineer of the Republic Flow Meters Company, 
Chicago, Ill., presents a paper discussing the results 
of extended experimental work conducted at the re- 
search laboratory of his company on the use of orifice 
plates for measuring the flow of fluids in pipes. 

Mr. Spitzglass was born in Russia in 1869. After 
unsuccessful attempts to obtain a technical education 
there and in Western Europe he came to America 
and in 1909 was graduated from the Armour Institute 
of Technology with the degree of B.S. in mechanical 
engineering. Four years later he received his M. ] 

His first position after graduation was with the 
Northwestern Gas Light and Coke Company. Then 
for a year he tested steam engines for the Armour 
Glue Works and experimented in measuring the flow 
of steam to the various lines of the concern. He 
later was engaged to do experimental work for the 
People’s Gas Light and Coke Company and won 
recognition for his work relating to the flow of fluids 
through pipes. He improved and developed the 
Gebhardt steam meter. This meter is now being 
manufactured by the Republic Flow Meters Company 
Mr. Spitzglass has received the Longstreth Medal 
for his work in developing and correcting the defects 


of the steam meter. 


Recent Developments in Balancing Machines 


With the increased speed and capacity of motors 
the necessity for satisfactory balancing equipment 
has been keenly felt, especially for the balancing of 
small high-speed motors for domestic use. A machine 
which makes it possible to manufacture quietly running 
motors is described by Carl R. Séderberg in this issue 

Mr. Séderberg is a native of Sweden, where he was 
born in February, 1895. He was graduated from 
the Technical Preparatory School at Hirnésand in 
1914, served two years as an apprentice in the ship- 
Duilding industry, and then entered Chalmer’s Insti- 
tute of Technology, Gothenburg, from which he was 
graduated in 1919. With .a scholarship from the 
American-Scandinavian Foundation for study of the 
shipbuilding industry in America, he came to this 
country and pursued post-graduate work at the Massa- 
chusetts Institute of Technology and the University 
of Michigan until June, 1920. Since then he has been 
employed successively by the New York Shipbuilding 
Corporation at Camden, and the Westinghouse Elec- 
tric and Manufacturing Company at East Pittsburgh, 
where he has specialized on vibration problems. 


Steel-Car Construction 


The first box ear having its entire frame built o 
steel was originated by the Canadian Pacific Railway 
nearly fifteen years ago. In this issue H. R. Naylor, 
assistant works manager of the Angus Shops of the 
Canadian Pacific, at Montreal, Canada, describes 
the shop specially erected to fabricate the steelwork 
for these cars, giving particulars regarding its layout, 
crane facilities, machine equipment, ete. He present: 
the Various machining operations and the jig method 
of car assembly now employed and the method used 
in the final erection and finishing of the ear 

Mr. Naylor was born in England in 1SS5 and served 
his apprenticeship in railway engineering in that 
country. He entered the service of the Canadian 
Pacific Railway Company in 1907 as patternmaker 
and has served that company in various capacities 
since that time, assuming his present position about 
three years ago 


Industrial Safety Codes 


The brief paper on the deve lopmi nt of industrial 
salety codes appearing in this issue was prest nted by 
\l Gy Llovd, chief of the Satety Section of the | - 
Bureau of Standards, and vice-president of the An 


ican Society of Safety Iengineers, at a 


iCT 


ot session of 


that society and the A.S.M.E. Safety Code C‘om 
mittee at the A.S.M.E. Annual Meeting in December. 
1922 

Mr. Lloyd is a graduate of the University of Penn 
sylvania, Which has conferred upon him the degrees of 
Bachelor of Science, Doctor of Philosophy, and Ele 
trical Engineer. After serving as instructor of physics 
at this university he became connected with the 
Bureau of Standards and was engaged for several 
vears in electric and n agnetic testing ind researc] 


From 1910 to 1917 he was technical editor of the 


Elect; cal Re ‘ ai ad iI estern / lect a He re 
turned to the Bureau in 1917 


Code for Care of Power Boilers 


The Proposed Code for the Care of Power Boilers 


formulated by a Sub-Committee of the Boiler Code 


Committee and containing rules for the care of stean 
boilers and other pressure vessels in service, is now 
presented for public discussion. A hearing on tl 

report is on the program of the A.3.M.E. Spring 
Meeting at Montreal When revisions are completed 
this report will form a part of the A.M] 
Code 














A.S.M.E. Spring Meeting 


The Montreal Meeting of The American 
Society of Mechanical Engineers is in prog- 
ress as this issue of MECHANICAL ENGINEER- 
ING is being mailed. An account of the 
technical sessions will appear in the July 
issue. 

The A.S.M.E. News for June 7 will tell of 
the excursions and of the social events. 
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U.S. Navy Crane Ship No. 1: An 


Details of the Conversion of the Battleship ‘*Kearsarge’ into a Titanic 
Loads of 250 Tons 
of Unprecedented Magnitude and How They 


“| resses 








Achievement 


Seagoing Crane for Handling 


The Engineering Problems Encountered in Dealing with 


Were Sol, ed 
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on of materials the Aearsarge would not 
that there shall be no weakening of any part due to depart, he intended to fight her and would delay her but a day 
ng To meet these conditions interesting expedients or two. There was 1 ich exchat ge of not with the enemy 
“ls of design were resorted to, both by the Navy in the recent il The old Aearsarge was wrecked on February 
Dey t, in whose hands was the reconditioning of the hull, 2, 1894, on Ronead Reef in Central American waters, and the 
e Wellman Seaver-Morgan Co., of Cleveland, Ohio, constructor rie was authorized by act of Congress of 
of the crane itself. Among these may be mentioned March 2, 1895. TI sel was built at the Newport News Ship 
<l of combined welding and riveting ship plates, the building and Drydock Co. yards, Newport News, Va d was 
arrangement for the crane, the rotating mechanism launched on March 24, IS9S 
th wheels of a new type, the methods of cradling the Old or new, t Kea ye embodied novel features. The orig 
1, et inal vessel, together with her sister ship the Aentu was selected 
( for an experiment in the installation of superposed turrets, an 
USEFULNESS OF THE LARGE SEAGOING CRANI Sie incest belies tesed on ton of & thie ie Sater Mentauts 
U1 this type are expected to prove useful in many ways. andthe A now to be scrapped as a result of the Washington 
ah out purposes, handling guns, turrets, boilers, ete., they Conference) were the first to be completely equipped with electric 
are | { comparison with any other type as they can be easily auxiliaries such as turret-operating machinery, deck winches, 
move iny point where their service is required. This is a very ventilating fans, ete. 
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places in the same base but also extends the scope of 
to yards which would otherwise be unable to command 
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+ THE WorK OF CONVERSION 


r the need of a mobile crane for the use of 








the Navy became apparent, and the conversion of the Kearsarge 
into a crane ship was decided upon largely because the hull of the 
vessel was in an excellent state of preservation and suitable for 
the purpose in view. 

At the turrets, mu 
the armor, the upper works of the vessel, and a number of the boil- 
ers were removed. Little 


ary to widen the beam by the construction of large bulges on 


beginning « 


f the conversion the guns, 


h of 


was done to the hull, but it was found 


neces 
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ferred to the welded edge, which under thi 
ol carrying safely quite a considerable load 


conditions Is « ipa 


his is but one instance of: the care 
engineers of the Navy 
hull. Another is tl 
made oval shaped and reinforced by heavy plat i! 
Phe duty of the Navy 


for the reception of the 


in design 
Department in the reconstruction of 


at all doors in the inner walls of the hull 


Department in reconstructing th 
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crane ended with the preparatiol 7 




















Fic. 2 Tue First U.S. 38. Kearsarge Became 


the outside of the hull for the purpose of increasing its transverse 
stability. These bul divided 
tight compartments. 


ges are into a number of 


water- 


REINFORCING THE Hvut 


1e immense load and stresses imposed by the 
presence of the crane and possible loads of the upper decks, the 
whole ship structure had to be materially reinforced. 
show the magnitude of 


In order to carry tl 


Just to 
these loads, it may be stated that a pre- 
liminary calculation showed that the presence of the crane would 
impose a tangential load of the order of 460,000 lb. acting with 
a lever arm of 42 ft. 8 in. from the top of the roller path of the crane 
So great were these loads that for a while it appeared to be doubtful 
whether the hull of the ship would be strong enough to withstand 
their terrible tearing action. The entire structure was accordingly 
reinforced by an ingenious and liberal use of columns, gusset plates, 
etc. 

In this work some interesting expedients were adopted. Thus 
the entire main deck consisting of triple plates was, in addition 
to the usual riveting, electrically butt-welded in such a manner 
that the top plate is now practically a single piece from end 
to end. 

In the matter of carrying the main deck loads by the vertical 
partitions, it found difficult to design of angle 
which would have sufficient metal left after the necessary rivets 
had been driven in. It f the cases familiar in bridge 
construction of either enough rivets and not enough metal left 
in the plate, or enough plate and not enough rivets. The problem 
was solved after preliminary tests in the ingenious way shown in 
Fig. 3. Here the vertical wall does not quite reach to the hor- 
izontal plate, and the angle in addition to being riveted is 
welded to the vertical plate all along its lower edge. The result 
is that much of the shear stress is taken off the rivets and trans- 
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{ SINKING THE A () ( \s bia sod 
main deck carrving frame for the cram Phi 
substantially a ring roughly 60 ft. in d 1} 
of which had to be level within very close tolera l 
made possible by increasing the rigidity « the | 
the means referred to above \ rather interesting 
which was rigged up permitted the testing of am 
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on the circular track 


simultaneously 
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Wa ro D 


NATURE OF THE ENGINEERING PROBLEMS INVO 


The engineering problems encountered by the Nav 
ever, only a small part of those involved in the consti 
crane proper, this latter having been carried out und 
by the Wellman-Seaver-Morgan Company, of Clevela 
Stationary cranes had been built in sizes much larger tha 
sarge unit and floating cranes of a type much smaller, but n« 
had it been attempted to complete 4 floating crane 
Such construction involved difficulties of a nature n 
In the first place, the designer had to 
stresses of an unprecedented magnitude and little-known « 


encountered. 
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In Its Naval Career the **Kearsarge’” Has Played Two Roles 


5 linen Kien Macon sa battleship in active service. Fig. 5: Rebui U.S. Navy Crane Ship No. 1 mounting a 230-to1 
rane the Avarsa is handling a full load under test Note the cradle at the stern of the ship in which the jil held wl 
ind the bulge to increase the ship's beam Phe auxiliary hoist appears at the lower end of its trollev on the 
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The Crane Ship Operates Under Widely Varying Conditions 


Che crane s} in handle 250 tons at 101 ft. radius from the center of rotation Fig. 10 shows this with the ship on even keel, 

iuxiliary hoist the crane can handle 50 tons at 173 ft. radius with the hoist at the extreme end of the troll gy. ll shows 

ind also the two main hoists of 125 tons each, which can be used together t handle 250 tons Fig. 10 shows the oO nearty 
highest position, while in Fig. 11 the jib is nearly horizontal 
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Erection Pictures Show Fundamentals of Design 
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\ peciheatiol demanded that the crane should be capable to ret I v) f ti ere ‘ 
thi tanding the roll of a ship of the order of "25 deg complete Bees i t el constructio ‘ a 
vhich posed on eve part of the structure an enormou t it doul ead Cast-steel whee t () 
hurt} wore, thi is I tM eagoing unit, which meant (Liane I tre i ad to dian ( 
{ i toencounter rough weathe! l:verv part, there ! Pa ‘ ( e cone tn 
dt nm suc manner that en the vessel w cher than the COTTeSPoOl 
y t} ‘ ( there w ildl | no po | CH ( ith the wl ( I IF I} i | 
it ist ir CXCE ( 1) hig t e the aes 6 and 7 I thie ( The hee | 
d ns of p inal the crane had to vith « iin a Cast-steel equ 
! ol 60 rT eter in a floating ! g ru een the tr 
, to d ! and ve ( e ent . 
inder perf cn Phe wh ructu Wa » larg W he e crane ( 
1 of pa | ‘ dl e | W hi inde ‘ ea ‘ 
i sé ‘ ering Pp i rad | aL ich ‘ I ( 
; iff . | he made in size 
rey l 2s T | ’ \\ le Tie ! i! ! ? them weer ; 
at) | d about S000 Ib. each in wergl 
i] ( er, and it J 
’ \ engineeri t ever leta 
| ind ired | 1 Stat 
) ( ( 
ere t i 
| | | 
i \ 4 I ‘ ‘ 
1 ‘ l T . 7 ; 
\, | ‘ os : 4 ' 
the re back the rotat! nd | 
vely there is a hea dina rigid Col ructed 
i \\ { it l hat the imnot move | 
y the rolling of t Phe eran provided 
{ f 125 tons lifting capacity « one 250-to _ 
type hook, and a light 40-ton hook on a special | » Wire an J 1 Main Horsts H 
ergency work Si | cradles are provided for these 
\ thi v there are 1 ving the wl possible pou r roug 
| r rT ti a) Tia 
ting equipment crane ¢ sists ¢ tv ! Phe i structure the e7 | ipon tw ( 
9 tons capacity ea mperated by se ite tors vhich are 10 ft. deep and 75 ft ng, and ha vel 0) 
ged that they may be coupled together when handling vart. ‘These girders are supported by the main cart y tru 
load of 250 t For this purpose an equalizer ir fully equalized units being located under each « e gi 
! are | iz W-tor ! ’ nN ind i: Col ed Hy { ‘ det | ter! ‘ ile | tweel tiv ial uck ire }T j ‘ 
of t 125-tor cks hig. 16 In actual tests 312 truck units which are adjusted to take a part of the l 
ted, equivalent, roughly, to the weight of 4500 perso ruck load. Outrigger gird to the the 1 
ire suspended by ropes passing over sheaves locate: rdet re supported ove ir truck unit r the rpost 
point of the jib, the re being varied by lufing the securing side stability The center-pin girder 3 ult betwe 
the main girders and extends to within 2 ft. of the deck | 
center pin is secured in this girder and turns in a bearing inted 
Pie FounDAtION in a companion girder built into the ship’s hull. The center p 
foundation is formed by a circular box girder having is hollow and the electric conductors supplying power for eran 
web plates spaced 4 ft. apart with a mean diameter of | operation pass up through it to rings on the contact column above 
girder is securely built into the hull of the ship and rom which the current is taken off by brushes 
projects about 2 ft. above the deck and is provided The counterweight compartment is built between the main 
cover plate forming a plane surface upon which the — girders at the back and contains about 1,000,000 | f ar 
iv is mounted. This runway consists of four rings plate secured in place by concrete. This counterweight is pro 
ills spaced in pairs over the webs of the foundation portioned so that the reverse movement with the light jib in it 
e rails are supported on Ca t-steel radial chairs secured high yp SItion Is approximately the same as the torwarad emel 
er and pre vided with wedge so that the elevation of with maximum load at full reach Back stavs re l it the 
be properly adjusted. In order to permit the ro- rear of the main girders for the purpose of supporting the back 
e erane about its center pin without undue friction, luffing nuts. These stays also serve as a support for the hoist-ropr 
so elevated that the centers of their heads are located sheaves. 
nts of two cones having their apex at the center of All the machinery for hoisting and rotating is carried by the 


maim and outrigger girders and is comple tely enclosed by a circular 
method of operating cranes of this type ks by rollers. machinery house which extends below the 


tor 
LOp Ol 


a skirt so constructed as to prevent the seas 


the 


however, the diameter of the runway Was so large dation to form 


ls carried so great that it would have been impossible washing over trucks or foundation. 
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Tue LurrinG MECHANISM AND ITs OPERATION 
I'rom its lowest position when resting in the cradle to its highest 
working position the jib revolves about its hinge pins through an 
angle of nearly 60 deg. This movement is accomplished by large 
luffing screws operating through the upper and rear nuts previously 
mentioned. The screws are made of chrome-nickel steel and are 
15 in. in diameter and 28 ft. long. Two of these screws are coupled 
together at the center, one having right-hand and the other left- 
hand threads so that their rotation tends to inerease or diminish 
the distance between the nuts according to the direction in which 
they are turned The threads of 
pitch, and the maximum load carried On en h 
which oceurs with the load at 


the screw are of the buttress 
type, + in 
500 tons, 

The design 


screw Is 
maximum reach. 

of these luffing screws was anything but an easy 
problem. The screws are exposed to such enormous stresses that 


very great strength had to be put into them and at the same time 


r 


ing manner: The luffing strut at its upper end is 
bearing engaging trunnions on the bevel-gear housing in wl 
the coupling for the upper 
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f the floor of the machinery hous 


and 


VOL. $5, No 


lower SCcTe Ws 1 | ited 


coupling is used for connecting the upper and lower screws 


and left hand, 
turn are located at equal distances on either 


t 


revolution of the serews through the 


runnions. 


respectively, and the nuts through which 


side of the ho 


The screws are revolved to luff the jib and it is evident that 


nuts 


the 


LnCcreast 


center distance 








their size had to be held 
down as much as possible in 
order to redace the weight 
of the screw and the size of U. S. CRANE SHIP NO. 1—GENERAL DATA 
the luffing nuts, of which 3ATTLESHIP (RANE SHIP 
more will be said later. Length 368 ft AS ft 
Furthermore, the forging of Beam 72 ft. 2"/: in Q2 ft 
. _ , = 2 
a piece 28 ft. lorg was a Dealt won pecan oo 6 oe 
; : sig = If Displ icement 11,520 tons 10,350 tons 
difficult proposition in itself, Sipsed 16 knots 11 knots 
and any increase in diam- No. of vertical triple-expansion engines. 2 ’ 
eter would have materially 
sated : SPEEDS OF HOISTS 
increased the difficulty of : 
; Ait ba’ : f Main hoist loaded 6 ft. per min 
i “<r yr l Sad eTTAl Ts oo - 
forging. After certain te Main hekt emets 16 ft. wor she 
chrome-nickel steel was Auxiliary hoist loaded 15 ft. per mi 
selected and its use made Auxiliary hoist empty 30 ft. per min 
it possible to keep the diam- Auxiliary trolley ou it. per min 
- of ti aor t Luffing from high to low position 25 min 
‘ ter ol the screw down to Rotating one revolution eae 
15 in. 
Special manganese bronze RANGES OF OPERATION 
: : . Main Hoist 
is used for the luffing nuts er 
ee t 5 Radius: Between 72 [t. and 101 ft. from center of rotation 
hh are « o : : 
which are a 0U o It. long, Vertical Range From 103 ft. above to 40 ft. below rails on which 
26 in. in diameter, and crane revolves 
weigh about 5000 Ib. each. hesuiilites Makes 
Each nut 3 enclosed w . At 114 ft. radius the auxiliary hook has a vertical range from 135 ft e 
cast-steel housing with the rails to 40 ft. below With the jib in its highest position the upper 
trunnions turning in bear- vertical range of the auxiliary hoist is increased to 147 ft. at 91 ft. radius 
° ‘ . ‘ ach i » ibs ‘ orizol OSItloO Ss appro 
ings attached to the boom ind the maximum reach with the jibs in a h riz ntal position is ay proxi 
| | } k tav | t} mately 173 ft. from the center of rotation The maximum range of the 
= une : mee ERY, Om - auxiliary hoist is 175 ft. 
design is such that when 
the jib is at rest on the 


the same time the « 


retains its position 1 
between the nut 
lower end of the 
strut is secured by | 
the jib at a point n 
between the forward 
upper luffing nut a 


jib hinge. On ace 
the fact that the tw 
of support of the st: 


always midway bet we 


points which vary 
course of the luffir 
tion, the trut 

remains parallel to tl 


side of the triangle 
formed by these py 
third sidk 
the backstay. It 3 


tore 


in this ea 


evident — tl 
structure forming a 
built 
will maintain 


the strut or 
strut 
stant angle with th 
stay or any portio! 
stationary part, 
will be maintained 
manent angular r 








cradle the lower nut trun- 
nion may be slacked off, relieving the load on the screws and 
avoiding the possibility of excessive tension which might be pro- 
duced by the deflection of the ship in a seaway. The selection 
of the material for these nuts was not easy, as, for obvious reasons, 
steel could not be used. We are informed that the bronze finally 
chosen has the following physical characteristics: 
Ultimate strength 
Yield point 
Klongation 
Brinell hardness 


100,000 Ib. 
60,000 Ib. 
24 per cent 
165 
Operation of the luffing screws is controlled by a cross-shaft 
geared to the screw couplings by bevel gears. This shaft is turned 
by a spur-gear reduction to the intermediate shaft, which in turn 
is connected to the motor by herringbone gears. This mechanism 
is mounted on a machinery floor carried by a luffing strut which 
is pivoted to the jib midway between the jib hinge and upper 
luffing nut. (Fig.17.) This strut also pivots on a large housing 
which encloses the screw coupling and the bevel gears midway 
between the upper and lower nuts. , 
The strut thus located forms a bisector of two legs of the triangle 
formed by lines joining the luffing nuts and the jib hinge, and it 
always maintains the same angle with the horizontal in all positions 
of the jib; this condition lends itself to the arrangement of the 


luffing mechanism as the floor of this machinery house is thus 
This fact is also true of the 
auxiliary trolley mechanism, which is supported by the strut. 
However, on account of the fact that the relative positions of the 


maintained horizontal at all times. 


the deck. 


All the functions of the crane are controlled by one 
the Various levers for this purpose being located Im Al 


cab at one side of the jib. 


PREVENTION O} 


ACCIDENTS Dur To ROLLING OF Su 


One of the important problems in the design of thi 


to so proportion its members that they would not o1 


the working load but 


would 


withstand 


the strain and 


resulting from the rolling and pitching of the ship wl. 
and elaborate means are provided to protect the machin 


damage arising from this cause. 


Heavy jackscrews are provided between the truck unit 
jacks may be set to relieve the wheel loads and prevent 


which might result in flat wheels. 


Kach side of the erat 


turnbuckles for securing the crane structure to the hu 
rear of the crane is provided with a socket into which a { 
locking pin is inserted to prevent the rotation of the 

the ship rolls from side to side. 
is fitted with heavy steel shoes and provided with clam] 


ing the jib in position. 


The cradle in which t! 


A cradle is also provided for re 


hoist blocks and equalizer when not in use. 


Tue HotstinG MACHINERY 


The main hoist machinery consists of two units, ea 


capacity of 125 gross tons. 





The drums (Fig. 9) forming 4 | 
mechanism are 86 in. in diameter and 8 ft. 4 in. long a! 
tandem, each drum being provided with a driving gea! 
with a common pinion carried on a shaft between tl 


strut and the jib are constantly varying, it is necessary to locat 
the trolley drum on the center of the lower pivot of the strut, whic 
is of course a point common to both. In this location no char 
in length of the trolley ropes results as the jib traverses its ent 
it all ti 
in a horizontal position as referred to above is secured in the fol 


provided wit! 


} 
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Fig. 17) Tue Crane Desian INVOLVES Severe Propiems 
an d ructural problems were involved in the design of a crane to handle over three hundred tons on the main hoist and fifty tons on the auxiliary 
1 hown in F 17 Note particularly the isosceles triangle with the jib post as one of the equal sides, the inclined foundation member as the other 
rews as the base The connection between the middle point of the jib post and the luffing nut always parallel to the inclined foundation member and 
bulliny - mec anism house 1s always horizontal 


these 
The drums stand on their supporting 
common bed 
is bed plate is in turn carried by a substantial structural 
built structure. 
ion shafts of the two hoist units are in 


and driving gears of units are located between 


crane. 


ich are carried in bearings secured to a 


into the erane 
accurate alignment 
clutch is provided at the center to connect the two units 


lling the 


250 tons on the equalizer. 
between the curved rails upon which the trucks travel 


ar rack used for rotating the crane. (Fig. 7.) The pitch 
this rack is 61 ft. The teeth are 20 deg. involute in 
Ave a pitch of about +) in The rack is made in SeCC- 


ire bolted to the 
with the 
side of the 


rail chairs. 
are two pinions located diametrically 
revolving structure. (Fig. 8.) These 
12 teeth 20 deg. involute in form and are half-shrouded. 
ved to separate shafts which 


rac k 


ach 


re driven through two re- 
and re | motor train of cut herringbone 
General Electric 


pur gears gears 
The motor and first inter- 
ift are mounted on a ecast-steel bed plate in the ma- 
ise, while the and third shafts are below the 
s. Each motor pinion is fitted with a magnetic disk 
onnected to the motor by a flexible coupling. Double- 
ilized post brakes are provided on each unit operated 
lever in the There is no mechanical connection 

two rotating units, as the series characteristics of the 
ializes the load on the two pinions. 

the motor brakes when set will normally resist any 
© rotate, as an additional precaution a heavy locking 


motor. 


SECT mynd 


cab. 


; 


is inserted 
under side of t 


pin is provided which 
into a socket in the 


a hand-operated mechanism 
he counterweight compartment 


at the rear of the structure. This pin is of forged steel 14 in. by 
12 in. and is operated by a screw-toggle arrangement and a hand- 
wheel. The mechanism is located in the transverse girder attached 


to the deck of the ship, and of such a height that the rotating struc- 
ture just clear 
Four 


3 in passing 


f-in. turnbuckles are provided at the outer ends of 


out 


rigger girder. When the crane is not working or preparing for a 
sea voyage, these turnbuckles are secured to socket castings attached 
to the crane foundation to prevent any movement when the ship 
is rolling. 

The luffing mechanism is located in a house built into the upper 


end of the luffing strut between the 
strut is provided with heavy 


screws, The uppel! end of the 


strap castings which surround trun- 


nions on the bevel-gear housings. These housings are made in 
halves and enclose the bevel gears and pinions which turn the 
luffing screws, The bevel vears are bolted to flanges of nickel- 


steel couplings, used to connect the upper and lower luffing screws, 
which are tightly fitted into sockets in the ends of the 
and secured by wedged keys. The are 15 in. in diameter 
pitch thread. One right-hand and one left-hand 
screw are used on each side of the crane for luffing the jib. The 
combined length of the two screws and their coupling is 83 ft., 
and their weight about 45,000 lb. The lower base of the housing 
forms a thrust bearing against a shoulder on the coupling to main- 
tain the luffing strut in position. 

The bevel pinions driving the coupling gears are keyed to opposite 


couplings 
screws 
and have a 4-in. 


(Continued on page 399) 








Orifice Coefficients—Data and Results of Tests 


By JACOB M 

This paper discusses the results of experimental work conducted at the 
Research Laboratory of the Republic Flow Meters Co., 
use of orifice plates for measuring the flow of fluids in pipes. 


of Chicago, on the 


Extensive tests were carried on for a period of several years to determine 
the effect of the varying factors such as the orifice ratio, the size of the pipe, 
and the distance of the upstream and downstream connections upon the 

The tests 
standard. 


pressure difference across the orifice plate conducted 


on seven sizes of pipes, from 2-in 


were 
to 12-in Fourteen orifice 
ratios were used in each size and twelve connections were tested on each 
side of the orifice plate. 

The tests were made on the flow of atmospheric air, supplied by a Sturte 
vant blower driven by a 15-hp. motor and having a maximum capacity of 
6000 cu. ft 
velocity of flow, an adjustable air gate was attatched to regulate the intake 
to the blower. 
calibrated 


meter. 


per min., al a pressure of 10 in. of water. To vary the 
The air passing through the orifice was measured by five 


impact tubes ranging from | in. to 4 in. in internal dia- 

The theoretical relations of the funclions are given briefly, preceded by 
definitions of the terms involved. The paper includes a number of tables 
and a collection of characteristic curves that may be employed for determin 


ing the flow through orifice plates in a given size of pipe. 


T HAS been long established in the literature of mechanical 
enginecring, and especially in the various textbooks on hydrau- 
lies, that 


t} ra) wall 


a stream of fluid issuing from a rounded aperture in 


ola large vessel can be gaged accurately by the difference 


in static pressure between the inside and the outside of the vessel 
taining that fluid. 

The and the velocity 
of the jet issuing from the aperture has been deriv d theoretical 


econ 


relation between the pressure difference 


for jets flowing into the open atmosphere and also for jets sub- 


merged under a lower head of the same fluid. It has been estab- 
lished by numerous experiments that upon leaving the vessel the 
CTOSS-s ection of the stream is gradually reduced in area until, at a 
anal = ee ee 7 ' 
| | | 
i } ; 
Hy | | 
Baal |_| 
| IH bad 
| i iit | | 
H Mit ' | | 
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p< || mit Se een 
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Fig. 1 Tuin-PLatre Ortirict Jet CONTRACTION AND PRESSURE GRADI 


] ) 
about 6U per cent ol 


| his 
contrivance used as a device for measuring the flow of fluids has 
been termed the ‘‘frictionless” or “thin-plate”’ orifice. 

Recently the principle of the thin-plate orifice has been success- 
fully applied to measuring the flow of fluids in pipes by the drop 


point known as the vena contracta, it is only 
the actual area of the aperture in the wall of the vessel. 


of pressure through the restricted area of an orifice plate placed 
At first the practice was 


limited entirely to cases where the area of the opening was much 


between two flanges of the given pipe. 


smaller than the cross-section of pipe, so that they could be con- 
sidered as being similar to the submerged aperture in the wall of 
Further developments in this application have 
necessitated the use of larger-ratio orifices, which obviously differ 
from the case of the jet issuing from the large vessel, and therefore 
cannot be treated in the same manner. A comparison of the two 


a large vessel. 


1 Vice-president and consulting engineer, Republic Flow Meters Co. 
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Contributed by the Research Committee and presented at the Annual 
Meeting, New York, December 4 to 7, 1922, of Toe AMERICAN Society of 
MECHANICAL ENGINEERS. Abridged. All papers are subject to revision. 
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eases with reference to Fig. 1 brings out the following point 
difference 

First, in the case of the thin-plate orifice in the large vessel 
velocity of the jet issuing from the wall represents the equiv 


ol the hydrostatic head or pressure above the center « the ope 
since the fluid in the vessel may be considered t be at rest 
the ease of the pipe orice itl the increase in velocity o 


f 


\ locity oi approach 
the 


that is 


This item mav be termed the effect of 


equivalent to 


across rine 


velocity In the pire 


Second, in the case of the pipe orifice the formation of t 


mav be greatly affected by the proximity of the 
\ greaulv a Pron 


both on entering and on leaving the orifice 








- 


nid 











iatural contraction of the 
' 

item mav he ter 
the proximity of the walls 


Third, in 
difference affecting the flow of the fluid is f 


the ease ot 


difference between the pressure inside and 


vessel In the case of 
obtain the pressure difference between a point 
the orifice where the current is parallel to th 
the pipe and a point beyond it where the 

the 


fully contracted, in order to have 


of the increased velocity pre 
may be termed the effect of shil 
either side of the orifice. 

| hese oy 


in Fig. 1 to 


lved 
Involved, 


en points of difference are 
to the 
effect of initial velocity is a funet 
of the fluid in the pips 
of the jet at the point of greatest contraction 


show their relations 
Thus, the 
relation between the velocity V 
vel icity v 
ratio d 


tion of 





D* between the cross-sections, which, in its turn, 
the jet contraction z and of the ratio between 
section of the orifice and the cross-section of thi pipe 
of restriction or the proximity of the walls is a funct 
distance between the wall of the pipe and the 
which, in its turn, is a funetion of the diameter D of thi 
any given orifice ratio. The effect of shifting the pres 


necessarily a function of the location of the taps on the 


a 
: 
edge of the 


sides of the orifice plane. 

The experimental work descvibed in the complete 
undertaken with the object of obtaining the necessary data tor! } 
analysis: namely, to determine by actual tests the effect 
in the pipe orifice, used as a flow-measuring device, by th 
of the orifice ratio, by changing the size of the pipe, and - 
ing the pressure taps on either side of the orifice plate. 
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COEFFICIENTS FOR Vartous Pipe Sizes 














r. To overcome this difficulty, a modification of Equa- 
tion [3] is employed with reference to the cross-section 
of the pipe. Since d? = D*r, we can write 
Q) rC’)r — D* V/ 2gh 
or 
Q = C" 7 D? V/ 2gh 


This equation in combination with a C”-r curve gives 
a direct solution for the size of orifice necessary for a 


344 MECHANICAL ENGINEERING 








given flow. 
The pressures fy, Ae, and hs at the three main sections 






of the orifice region are significant for the fact that they 
indicate the relation between the drop of pressure / 
equivalent to the increase in velocity and the pressure 











loss hp caused by the sudden contraction and expansion 
of the flow. From the above equations, we can write 
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and fraction of pressure restoration = 1—Z=1— _ | 
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COMPUTATION OF RESULTS 
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Fic. 5 CHARACTERISTIC CURVES FOR ORIFICE PLATES 
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& ) and the rate in pounds per minute derived theoretically 
lp : 
Pp 


given orifice plate, assuming xC’ to be equal to unity. 


The same applies to any of the experimental coefficients determined ratio of 


) 





é2 x Rs 4 * 45 50 - OV 
Orifice Rahioe @/> 
A/D 
(COEFFICIENT ¢ FOR 6-1IN. Pipe AND CORRECTION Fa 


FOR OTHER SIZES 


which contain the data of one A-run and one B-run on the 


The method adopted was to compute the rate of flow in pounds The data of the final tests are recorded on 1625 log she 
per minute for the calibrated impact nozzles used as a standard, in chronological order and cross-indexed under the various 
of impact tube, pipe size, and orifice ratio. A lk 


of the impact-tube tests contains a run on a gi 


‘ ‘ »** 
either varving the velocity head at constant setting 
setting at constant velocity. A log sheet of thi 


tests contains a run on a given-ratio orifice at 
velocity either varying the upstream A-tap 
downstream constant, or the downstream B-taps 


upstream constant. A complete test for a giver 


ratio comprises four velocity tests and from five 
log sheets for each velocity, part of them with A 
and B varying, and part with B constant and A 
ach pipe size was tested for fourteen orifice rat 
the exception of the 2-in. pipe, on which the lk 
orifices were not completed at the writing of thi 


CHARACTERISTIC CURVES OF ORIFICE PLA 


At the completion of a test for a number « 
plates in a given size of pipe the values of the « 
xC’ were plotted in three sections on large she 
in logarithmic coérdinates. The first section re} 
the so-called A-curves plotted as a functior 
upstream distances from the A-runs of the test 
downstream connection at the vena contract 
second section represented the B-curves plott 
function of the down-stream distances from the / 
the test. The third section consisted of A-curv: 
as a function of the upstream distances with t 
stream connection at four and one-half diamet 
pipe or the point of complete restoration of press 

These curves, not given in the paper, repr 
substance the form similar to the three main 
final curve, shown in Fig. 5 for the 10-in. pipe, e& 
in the original curves each orifice ratio was repre 
a group of lines adjoining the test points of t! 
velocities for a given ratio. Also in those « 
actual orifice ratios were used, which differed 
from the equal divisions of the final curves 
With small exceptions the lines of each grou) 





I he 
value of the coefficient rC’ for the given orifice is necessari 
the former to the latter. The method of proced 
for the two sections corresponding to hz and hs, respectively demonstrated on the sample log sheets in the complet: 
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deviate much from each other, so that in each case a TABLE 1 ORIFICE COEFFICIENTS FOR 12-1N, PIP 
le line was drawn which represented the average value 
he coefficient for the given ratio. KK 
rom these average lines the points of minimum and “ ( 
mum were plotted on Fig. 4 as a function of the D 
ratio for the various sizes of pipe, the lower set for 
on flieient ( at the vena contracta, and the uppe r 5 ( ‘) ( } Ot 1.000 0.4 i 
r the coefficient ( at four and one-half diam- 10 v. ORY rites 7. 1.002 0 .W0e : ' 
1 , 15 } 4 l j 
from the orifice plate After the points of the two 
! hig t were oined by smooth lines for the given 6 P ) ’ 
pipes, the corrected value were obtained for the 0 0.637 i f . { ( 
LOS WL Ut p pe ot five and the point tran ferred »? | 0.049 ‘ { ] 
' ; 1 | 10 | 
original curves and compared with the average ; 
5 
t ea t ratir { new line was drawn paralle , -“ 7 
e ft ' through the corrected point 
lor the eve rath OO { 
\ In thi ! ( : 
\\ \ effects Of possi 
. \ 
\ erro! ( ( erva 
% \ 7] \ rey luced FI T 
. \ | I ( pari 
\ \ th the 
\ I 
’ dial est ot 
| + thie Sar ratio, 
j \ second, ny COT 
\ \ , . 
\ KM parison with thi | 
/ \ *< simular tests ol 10 0 O11 yf 1.0 v.% 
/ | ' Various rath 0 lo c ( s 612 
/ ‘ the same size ol vad }. 00S Ms 0.691 <<4 
| J el 2 8 0. 62% 1 0.611 7 O71 
pipe, and third, by - ‘ 0 629 : om py 0 745 : 
: — ee comparison with 35 651 0.82] 634 Oz 0. 7¢ 1 
~ the similar tests of 10 665 0.642 1.035 0.797 i 
the Various SIZes on : — 0.02 v.s 1.04 U.f ). 827 0.496 
0 0 4 ( j 1.060 ( ) 859 40% 
Ol Npes, . 
Spacinc or Taps aT VENA pi ‘ ’ ( ) 1.069 67 O74 , 393 , 
CONTRACTA Ihe final curves 60 0.761 1.1 60% 1.099 0 604 0.932 ‘ ; 
: for the even ratios bo 0. S00 I 1.12 0.608 0.974 610 
-in. pipe are shown in the three main sections of _ ——— Ra I 0.608 1.014 641 
} f ‘J h se three sections give a generalization of the 
work for the given size of pipe. They point 
“> - " PA ORIFI FFICIENT ORS PI 
bly the great importance that must be attached 
roper spacing of the orifice connections. In fact, 
ild seem to indicate that an excessive precision 1s Ratio 
a ( C, C; 1-Z 
n determining these points, since a very small r= - 
, * Db? | 
the tap distance along the steepe r parts ol the | 
ight cause a change of several per cent in the 7 4 } | a ’ 
} “a ‘ 5 0.610 0.631 0.610 1.000 0.610 | 0.631 0.065 
e coeficien 
g . . , = . 10 0.613 of | 0 6ll 1.003 0.610 of 1 0.120 
I inate possibility of large errors in the practical 15 0.618 0 68 0. 1.005 0.611 0.672 ).175 
the orice it is best, there ore, to select 20 O 624 0.708 0 619 1.008 0.612 0.604 0.223 
e points ‘or use at which a slight change in the 25 0.632 0.741 0.624 1.0 0.613 0.718 0.272 
the tap would not appre ciably affect the 0 0.643 0.780 0 l 1.0 9 0.614 0 sl 0 320 
aff ‘ Tl 14 , i 1 4] 35 0.655 0.825 ( s 1.02 0.614 0.773 0.369 
| is condition is obviously fulfilled at the 40 0.670 0 874 Pr 1 035 0.614 0.801 0.412 
ind maximum points, since these points occur 45 0.688 0.931 0 ¢ 1.047 0.614 0.831 0.454 
portion of the curve. 5O 0.710 0.997 0.669 1.061 0.614 0.863 0.493 
| curves given are restricted to as study of con- 55 0.736 1.076 0. 682 1.079 0.614 0.898 0.532 
: TI | Ho 0. 767 1.173 0 69° 1.100 0.614 0.939 0.572 
these oO po S Se 0 sets can be user re 
ese tw p ints. These tw et an be l | 65 0 806 1.290 0.714 1.129 0.613 0 929 0 609 
te r manner to select the proper points at which 70 0 ht 1.420 t 1.166 0.612 1.021 0.641 
t e upstream pressure taps. Thus, since the flat — = EE 
t t curve oecur between points Ag and Ag, the 
I’ Ipstr pressure taps should always be located between these In an earlier paragraph the orifice coefficient ( was mentioned 
S point the practical application of the orifice. as affecting the simplest solution of orifice problems since it relates 
S rt ves in the upper left-hand section of Fig. 5 fulfil both of | directly to the known section of the pipe D*. Accordingly, Fig. 6 
tted these tions selected for good practice, that is, the upstream Was prepared in a convenient form for ordinary use, giving values 
WI are alwavs between 0.75 D and 2.00 dD, and the down- ll and ( as a function of the ratio. ‘To eliminate the neces- 


; 


nections are at the vena contracta or at four and one-half sitv of repeating the curves fo each size, only those for the 6-in. 





et f the pipe. In this section are plotted as a function pipe were prepared, and additional lines were drawn to scale 
i the e ratio the values of rC’, 2, C’, C and also the percen- = giving correction lactors to be used in obtaining the coefficient 
u Bt ressure restoration in the pipe. The values of these for the other pipe sizes 
= = ire given in Tables 1 to 6 for the various sizes of pipe Fig. 7 shows the spacing of pressure taps at the vena contracta 
a tion of the upstream and downstream distances to be in percentage of the diameter length corresponding to the given 
vert ( ‘ral practice must not be taken as a limitation on the — orifice ratio. The center line is a duplicate of the one passing 
$ u Ct orifice to these few points. With the proper care in through the minimum points of the characteristic B-curves in Fig. 
wha ‘pacing the pressure taps the coefficient corresponding to the exact 5. The two outside curves, marked ‘“‘min.”’ and ‘‘max.,”’ show the 
- stan in be easily and precisely obtained from the character- limits to which the tap may be shifted without varying the coefh- 
I ise eu for the given pipe size. cients more than 0.25 per cent either way. The actual spacing 
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LBLI } Ik Cl EFFICIENT FOR 6-IN. PIPI 
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‘ 1 464 0.740 l 4 0). 624 l 
rABLE ¢ ORIFICE Cf FFICI i FOR I> I 
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( ( p 
r 
p* 
) ( 24 0.049 0.0624 ] ) 0.624 
10) ( 1u 0.663 0.618 l 2 0.616 
l f 0.688 0.621 1.003 Of ( 
20 ( l Ss 0.626 l OS 0). ¢ } ( 
2 f 0.754 0.635 l } 0.621 { 
0 0.¢ 0.795 0. 641 1 OS 0.623 ( 
5 oO ¢ 0.841 0.651 1.02¢ 0.626 ( 
10 ) “4 S43 0.660 1.036 0.627 ( 
i5 7 0.953 0.672 1.049 0.629 y 
) 72 022 0 684 1.064 0.¢ ( 
( 1. i 0.698 1 OSS 0.631 
60 iss 1.210 0.713 1.106 0O.¢ ( 
f 0.827 1.331 72 1.136 0.629 l 
0 0.88 1.480 0.74 1.175 0.629 1 
should | made as nearly as possible to that given by the 


curve, since 1 


contracta 


CONCLUSION 


center 


is drawn to ndicate the exact po ition ol the vena 


The scope of this paper will not permit of going into the par- 


ticular details of each individual test. 
the results obtained in the research laboratory in such a 
that they can be applied conveniently. 

A few remarks may be in order about the most salient 
brought out by this investigation. 


Its main object is to present 


form 


points 


The orifice plate used as a measuring device for the flow of 
fluids in pipes has a relative accuracy well within the limit of 2 


per cent. 


If reasonable care is applied in the selection of the 
location, the proper spacing of the pressure taps, and the 


yroper 


centering of the orifice between the flanges in the pipe, the possible 
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Discussion 
na. 8 


1 1 
In that the 


Pigott wrote that the paper Wh 


interestit values obtained and the characteri 


stream, when taken in cenjunction with the dimensior 
given in tl e | luid Me ters Report, afforded a means ot e 
of practically all of the experimental work on disk orific: 
fore these experiments had been thought to show « 
variation from each other, but when allowance was 1 
difference of location in upstream and downstream tay 
of orifice SIZeSs, pipe sizes, and the location of vena « 
was found that nearly all the experiments gave coefl 
stantially in agreement. Allowing for the difference 
the various experimenters, it was very encouraging that 

1These extracts from the discussion deal more particular 
portions of the paper appearing in the preceding abridgment 
and figure numbers are those used in the abridgment 

2Mechanical Engineer, Stevens & Wood, New York, N 
A.S.M.E. 














) obtaining the head on the impact nozzle 


as used for obtaining the orifice differential and the CiItV Was tft 1 


To retain tions at a con 


ion it Was necessary, therefore, to choose a nozzle of 


| Sales En 


section that the two gages would read on the same 


Flow Meters Co : 


Republic Flow 


Philadelphia, Pa. Jun. A.S.M.E Consulting I 


Co Chicago, Ill Bailey M 


varatively short distance away, so that it could 1 
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r tical 
1) ! the Bureau > f 
i | if 
\Ir sS r ont (i c ~ | , 
\ 
| 
t) | 
( I 
l 
j 
‘ 
’ 
Is 4 { } 
y , | ettled 
| “ut ( t I 
ffieie ( | 1 
(>. BR 
| ‘ ~ Vv 
1 t ‘ it 
x | flow é 
i yr Y ( 
( rat ‘ ( " { ‘ | ( 
‘ t ‘ ( t ils mw i? ‘ ( tf rf =“) 
rat es Mr. B ! ‘ \ e gave fl t 
in g lard. Lest t 9 ilso t e cith e bety t| efh 
o be « { ilue « data given, it ents of d pipe ictually ¢ ed. While st 
I { mie “Is vl ted to eC! ! ) e t 1g t! ? or 1 eent rrect ! rhute ( 
he thought 1 preset te of the art greater curae i 
is ( ent parison OF TWo simMilial netions expected of evel llacture! It w { e hoped it s ( 
re head at two different points in the stream. Neglect- subsequent t could be made to substantiate or modify ese 
Lp} coefficient \ iried as the square absolute value ! t ned n the last entens ‘ the pap 
itio of the orifice differential to the head on the impact It would be resti to know why Mr. Spitzglas id limite 
only a re uracy between the two devices his test to a 70 pet { ( rifice which was ¢ ul t to S6.10 
ermining the pressures Was necessary to give the re- diame ter ra 
S101 With this in mind, tests were made on a large The use of r concentric orifices gave no latitude to the 
gages, chee Ing them against each other over the com- location of the vena cor tracta This w is rather anno. ing when 
their scales. Of these, three were finally selected high hub flanges were encountered: also when a pipe was tapped 
ractically identical readings along the entire seale. for an orifice of one capacity and later an orifice of a different capa 


alled. This might require retapping the connec- 


Repul Flow Meters Co., ¢ wo, Il \ Mem 


neer, N. J. Meter Co., Plainfield, N. J. Mer A.S.M.E 
o., Cleveland, Ohio Mem. A.S8.M.1 








348 MECHANICAL 
be accomplished without going to another position on the cireum- 
ference of the pipe He had found it very advantageous in such 
conditions to 

John L. Hodgs that the author had repeated work 
which he had briefly summarized in Fig. 18 of his paper on the 


use eccentric and segmental orifices. 


wrote 


mn 





Commercial Metering of Air, Gas and Steam, read before the 
Institute of Civil Engineers in April, 1917 

Commenting on Mr. Spitzglass’s paper, he would say that 
the cor ir of e impact nozzles used in the tests was w I 
for low-pressure work, as the effect of vis tv, which was most 
marked t low flow altered the shay of the stream lines ind 
hence distributlo ol \ locity i ) th \ 
re r whi Was suitable for Mr. De Baufre’s purpose w 
tirely unsuitable for that of Mr. Spitzglass, where it w 
to work at values ¢ Pi which w nearly ut 

The proposal to use pre lire hok irther downstre ( 
than tl ena contracta r flow-measurem« put \ 
according t \I Llodgson’s te suitable onl rti 1 pp 

ite mea nents unk t] ori | 1 been ¢ 1 
its own pipe line) as \ tions in the roughness e Cast 
of large orifice ratios the diameter ¢ the pipe ¢ | 
side ral le Variations Ih the fl Ww coefhere De 

It was unsatisfactory to use circular orifices for ares 
greater than 50 per cent, as small errors in centering or in the d 
eter of the pipe upstream or downstream of the orifice caused 
considerable errors in the measurement 

For many reasons the most reliable position for the pressur¢ 


holes was in the plane of the orifice as he had shown in his papet 
for regret that Mi Spitz wlass 
particular points 


above referred to. It was a matter 


had determined no pressures at these 


Avruor’s CLOSURE 


The author, in closing the discussion, said that in regard to 
Mr. Hogg’s question as to whether the coefficient 0.61 for the 
10 per cent orifice in a 12-in. pipe was applicable for water and 
steam as well as for air, the dimensional analysis given in the 


Fluid Meter Report showed that the values of the coefficient de- 
pended on the kinematic Viscosity of the fluid, but from all ex- 
perimental data available water, steam and the common gases 
difference in the coefficient of the orifice 

As to adopting a distance of one-half diameter for the low-pres- 


showed ho 
sure connection of the orifice, he would say that this method had 
but 
in adopting it for general practice. In 
very important to place the connection at the proper point and 
it was best to adhere to this practice. If at time the orifice 
was to be changed it would not be necessary to change the con- 


been used by many experimenters, there was no advantage 


a high-ratio orifice it was 
an 


nection, As the difference in the factor could be easily obtained 
from the curves in the paper. 
Mr. Hogg had asked whether 
1 


determine the effect of pipe <1ze upon t he coefhicient ol 


an equation could be derived to 
the 
from the relation of the mean hydraulic radius as pertaining to 


orince 


The dimensional equation referred 
ts so that the data 


] 


of one size of pipe would apply to other sizes by following the 


the friction drop of pressure. 
to was supposed to correlate the results of te 


law of dynamical similarity in the construction of the orifices 

Mr. Hogg had suggested that 
determined by locating the high-pressure tap at the point ol res- 
This 


of it a modification 


an intermediate coefficient be 
toration and the low-pressure tap at the vena contracta 
was a very good suggestion and to take care 
of Fig. 6 had been prepared for inclusion in Transactions. 

The suggestions made by A. F. Spitzglass were a slight addition 
to the work he had done in preparing the results of the paper. 

In reply to Mr. Hendrickson’s inquiry, he would state that 
the coefficient of venturi tube did vary with the velocity of the 
flow similar to the variation shown on the impact-tube curves. 
This variation was due to the effect of friction on the approach 
part of the venturi tube or nozzle. Since the coefficient of friction 
was generally increased at low velocity, there was a corresponding 
decrease in the coefficient of the additional 
friction drop increased the relative differential pressure. 

As to whether the roughness of the pipe affected the coefficient, 
he would say that from his experience the nature of the surface 


discharge, because 


8’ Eggington House, Bedfordshire, England. 
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Was not noticeable except in very high-ratio orifices. For that 


reason he preferred not to use orifices over the 70 per cent rat 
in which the effect of 


Ol squares, the surface became noticeabl 


lf Mr. Dawley would examine Fig. 3 carefully he would si 
that the first two turns were really long-radius bends and of a si 


considerably larg r than the approach of the flow nozzle TI 


ur flow through anv of the pipes lost practically allits velocity wl 








entering the second manifold, which was 14 in. in diameter 
entrance to the third i ld was a] radius bend « ( 
I4-in. size On the top of this manifold each riser ‘ C1] 
long and the diamete of the rise i i tI a 
e manifold and double the diameter of the flow 1 
\\ his ¢ truct of approa ere 1 | 
ldlies } the fl real 
Mr. Dawley’s suggestion to exy \ ( ‘ 
is Carried t during the test It wa L tha CAS 
l-in. nozzle the impact pressure did not vary at a il t 
pact 1 e Was pl | i rom the circumference ney 
\t hat point it va | ut 1 per cent of t tot ( 
en the 1 ict tube Ww placed so that its edge wa 
eC edge thre he reduction of the impact pr | 
iv 5 per cent of the total This variation was the 
directi of the le, whether in line t thie ! 
flow at the bottom of the rise 
Mr. Bailey had objected to the method used in the pa 
plot the results of the test on the basis of diame er square : 
of diameter ratio, which he said was the basis used Mi 
paper and in others pul lished on the <ubject Referru ur 
IS and 20 of Mr. J idd’s paper, it would be noted tl the cor 
ol discharge and the factor of correction for velocity of apy 
were plotted on the basis of the ratio of orifice area to pip . 
and not on the ratio of orifice diameter to pipe diamet 
Mr. Judd chose to eall a 2' in. orifice in a 5-in pipe a dO yy 
orifice, While the results obtained with this orifice were plott 
the 25 per cent line in his main curves, it did not entail any 
culty to compare the author's results with his when he el 
call it a 25 per cent orifice, inasmuch as it really amounted to 
figure in the actual comparison of result 
With reference to higher-ratio orifices, the tests had not 
limited to 70 per cent, but the results obtained for highes 
had indicated that extreme accuracy was required In cent 
the orifice plate and in measuring the pipe diameter. H 
ratios were being investigated at present and the result 
he reported later 
Mr. Hodgson’s objection to the contour of the impact 
used did not apply to this case, because in the author’s t 
nozzle was milyv a means of conveving a stream of fluid and 1 
ing the velocity pressure with an Impact tube faced agai 
stream. The preliminary tests referred to in the paper weré 
with a nozzle tube. similar to the one shown in lig lL of thie 
presented by Sanford A. Moss to the Society in December 
In the final tests the design adopted by Mr De Baufre wa 
to see whether the change in design made any differer . 
both cases the same velocity pressure was obtained throu 
the full area of the nozzle There was only a change of 3 ™ 
in the velocity head, which would mean approximately | 
cent velocitv at the verv circumference of the jet. Thi l 
conclusively that the form of rounding the nozzle was im: 
when used in connection with an impact tube for obtau 
velocity pressure. The use of pressure taps at the point : 
toration was recommended because the curve of the coet 
was much flatter at that point in the ease of the high-ratio a 
Mr. Hodgson did not recommend the use of orifices of « : u 
per cent ratio, tor the reason that small errors in centeru a 
the diameter of the pipe would cause considerable erro! ‘ ap 


With the method of centering shown in the 
the pi 
results appeared to be equally reliable up to an orifice 1 
70 per cent. 


measurement, 


and the correct measurement of the diameter of 


; 


As earlier stated, higher ratios were being inv¢ 


at present and the results would be reported later. 
Mr. Hodgson regretted that readings were not taken of thi es- ; ‘ 

sures in the plane of the orifice: This was not necessary, as )Y Co 

extending the numerous points in the first diameter length t rd ing, \ 


; Mec} 
(Continued on page 399) 











Steel-Car Construction at 


the Angus Shops of the 


Canadian Pacific Railway, Montreal 


By H. R. NAYLOR,! MONTREAL, CANADA 

In 1909 the Canadian Pacific Railway, to meet the increasing severily cars to severe service conditions, whi were in turn met by steel 
f modern traffic requirements, originated a box car having its entire frame underframes and other steel reinforcement ind at ea tage 
lt of steel The production of such equipment in quantity necessitated of advancement wood framing was gradually replaced | teel, 
erection of an additional shop for the fabrication of the steelwork, and until in 1909 the Canadian Pacific Railw orig ed a b car 

structure built embodied in its arrangement many novel features for  fiaving the entire frame built of steel 
rapid handling of material to and from the machines and also during Within a period of six years (1909-1914) this road added 30,841 
the various stages of assembly steel-frame box cars to its equipment and other adopted 
The present paper describes this shop very completely, git ing particulars the same design, in some cases with slight modifications \fter 
revarding its layout, crane facilities, machine equipment, etc. Thevarious ten years of extensive service these cars had evidently proved their 
chining operations and the jig method of car assembly, first put into utility, for the United States Railroad Administration in one 


clice at the Angus shops, are presented in detail, and the methods used 
in the final erection and finishing of cars are dealt with at some length 


N REVIEWING the improvements that 


railway 


effecte | 
usually 
ule to the heavier and more powerful locomotives employed, 


have been 


engineering in recent vears, reference is 
elimination. heavier rails roved train control. and term- 
lmination, heavier rails, improve rain ¢ itro!l, and term 
ilities; but made in all 
it is a question whether the relative advance in 


i fra while great advances have been 
} 
tl 


irections, 
ne of them has equaled that in car construction 
locomotive of higher capacity has been built without ma- 


included no less than 50,000 of 
The Angus shops were already well equipped 


order alone 
for building passen- 
ger and freight cars on an extensive scale, and the output of wood- 
had 


organization, 


frame box cars reached as high as 40 cars per day This 


remarkable 
large extent 


however, rendered obsolete to a 


Pacific 


was 


when the Canadian Railway introduced the 


steel-frame box car to meet the increasing severity of modern 
traffic requirements, necessitating the erection of an additional 
shop. This shop was designed for building the steelwork of both 
passenger and freight equipment, and embodied in its arrange- 


ment manv novel features for the rapid handling of material to 
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Fic. 1 PLAN oF Sreet-Car SuHop oF THE CANADIAN Pact 


practically the same manner as when the lines were orig- 
ult, and the same remarks hold good In regard to rails, 
ntrol, and terminal facilities, but in ear construction the 
1 is substantially different. To particularize, a comparison 
iodern 60-ton steel-frame box car with the 30-ton wood- 
xX car commonly built fifteen years ago brings out two 
the complete change in design, and the effect this change 
is obvious that 


ities for building the wood-freme car would be quite in- 


must have had on the ear shops. It 


Ae for the steel car and must have created new problems 
wit! ich the ear builder had to contend; and it is the author's 
In to deal with this phase of steel-car construction, es- 


pecially as the Canadian Pacific Railway was responsible for many 
portant developments. 
sox Car 


DEVELOPMENT OF THE STEEL-FRAME 


The gradual increase in locomotive capacity, making possible 
the | ing of longer and heavier trains, subjected the wooden 

‘A Works Mgr., Angus Car Shops, C. P. Ry. 

Con ited by the Railroad Division, and presented at the Spring Meet 
we Montreal, Canada, May 28 to 31, 1923, of Toe AMERICAN Society OF 
MECHANICAL ENGINEERS Slightly abridged. All papers are subject to 
Tevisic 


LWAY Co. aT ANGUS SHops, MONTREAL, CANADA 


bly \t the 


practice on this continent, be 


time of its erection if 


probably represented the best 
ing a combination of the good features 
observed in other sh ps with the origu al ideas deve loped at the 


time the lay ut was being planned 


THE STEEL-CaAR SuHop Anpb Its EQUIPMENT 


The new shop, which is shown in plan in Fig l, Was located 
adjoining the wood-freight-car shop, facing a midway upon either 
side of which were also located the supplementary shops, the mid- 
way being served with overhead traveling cranes. It is a steel- 
frame structure, with steel columns earried on concrete piers, the 
lower foundation walls being of concrete, 24 in. thick to the ground 
level and 20 in. thick to a height of 2°/, ft., above which the walls 
are of red brick and 16 in. thick. The sash frames are of steel, 
the total sash area being approximately 40 per cent of the total 
wall space. The roof is carried on steel trusses with ample sky- 
light area. 

s-in. Mastic. 


The floors are of 4-in. concrete with a top surface of 


The 


facing the midway and occupying the entire front is the machine 


There are three main divisions to the shop front one 


section consisting of two 100-ft. bays running parallel to the mid- 
while 


long, 


way, the one adjoining the midway being 209'/, ft. 
the inner bay is 182 ft. long. Each bay is served by a 10-ton elec- 
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trically operated crane of the open-latticework type having a span 
of 96! , ft., and a height to base of rail of 2S'/. ft. 

The freight-car erecting section is situated in the rear of the 
machine section, is 72 ft. wide and 405 ft. long, and was originally 
equipped with one 10-ton traveling crane having a span of 67! 5 ft., 
and a height to base of rail of 27 ft. 
capacity has since been installed in this section. 


An additional crane of similar 


Situated also to the rear of the machine shop is the passenger- 
car erecting section, consisting of four bays having a total width 
of 110 ft. These four bays with the 72-ft. freight-car bay com- 
plete the full width of the back of the machine shop. Each bay 
of the passenger-car section is provided with a separate 2-ton 
traveling crane having a span of 24 ft. 10 in. and a height to base 
of crane rail of 21 ft. 

Along the entire front of the shop, between it and the midway, 
there is ample provision for storing material. 
is 100 ft. wide and is served by a 10-ton crane whose span and height 


This storage yard 


are identical with those in the machine section in anticipation of 
future shop extension. 

Through the freight-car erecting shop, entering from the rear 
end, are two standard-gage tracks 18 ft. center to center which 
extend the full length but do not enter the machine shop. Out- 
side the shop and parallel to the south wall a standard-gage track 
connects with a track on the midway through turntables. This 
track is used for delivering the car trucks from the truck shop 
to the final-assembly tracks. 

Through each of the passenger-car erecting bavs there is a stand- 
ard gage track leading in from the rear of the shop, also a transfer 
table for moving the cars during the various stages of completion. 
Through the center of the material storage vard there is a stand- 
ard-gage track connecting by turntables with three tracks running 
into the machine shop. 

Crane Facilities. The crane facilities are unique in that the 
whole area of the shop is traversed by electrically operated travel- 
ing cranes so arranged that it is possible to install an unusual 
number and vet maintain for each crane complete freedom of 
In this instance the crane arrangement 
was the deciding factor in the shop layout. It was decided that 
the machine section of the shop should be independent of the 
erecting sections in so far as crane service was concerned, and for 


operation at all times. 


this reason the crane runways in this section were installed in a 
This arrange- 
ment made it possible to equip the two machine bays with separate 


direction transverse to those in the erecting shop. 


cranes, each having a wide range of action with no interference. 

The machine layout is arranged with the view of relieving the 
overhead cranes to the greatest possible extent. This applies 
particularly to the handling of the larger members, such as center 
and side sills which are required to pass over two punching ma- 
chines situated in the different bays. As the first operation is 
completed the sills are transferred to the second machine by special 
devices independently of the overhead cranes. On completion 
of the machining operations the sills are then skidded over to the 
assembling trestles in the erecting shop without assistance from 
the overhead cranes. 

The two cranes in the freight-car erecting shop, operating on 
the same runway, are entirely free from machine-shop handling, 
and as the first one is assigned to the preliminary assembly posi- 
tions and the second to the final assembly positions, there is no 
overlapping or interference. The crane facilities in the machine 
and freight-car erecting shops will be better appreciated if one 
will endeavor to imagine four cranes on a single runway attempt- 
ing to handle an equivalent amount of work. 

The Machine Equipment. The machine shop is equipped with 
the following machinery: Four automatic spacing punches, 
five coping punches, five high-speed punches, two horizontal 
punches, one 7-ft. 6-in. gate shear, one angle shear, one 36-ft. 
plate-edge planer, one 30-in. circular saw, one 30-in. metal band 
saw, one 7-ft. plate roll, one 10-ft. brake, one bulldozer, two special 
plate-drilling machines, and miscellaneous drill presses, all driven 
by independent motors. 

The arrangement of the machines is such that the material after 
each operation moves forward in the direction of the erecting shops, 
backward movement being carefully avoided, thereby reducing 
material handling to a minimum. 
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The high-speed punches are belt-driven direct from motor to 
flywheel, gears being dispensed with. Clutches are of the 6-point 
type. The heads are equipped with two punches which are con 


trolled by gag levers. These machines are well adapted for puncl 


ing the smaller plates for which metal templets are made up and 
into which holes are drilled: by inserting a pin or gage in eac!} 
successive hole and butting the plate against the pin, the desire 
spacing is obtained. In certain classes of work the operator ca 
move the material fast enough to catch every hole with the pum 
running at the rate of 60 strokes per minute. 

An unusual plan was followed as regards the installation 
machines for heavy punching. The nsual practice had been 
install a small number of high-capacity machines for the punchir 
and slotting of the sills, side plates and similar memlx rs, neces 
tating frequent changing of dies and templets, with further li 
tations in the event of breakdowns It was therefor decided 
overcome these handicaps by installing four automatic Spar 
punches of moderate capacity to obviate the expense and di 
of die changing and double handling, and as the five addit 
coping punches are duplicates of those used in the automatic spar 
tables, replacem nt can be made with but short delay should t 
become disabled. 


MACHINING OPERATIONS ON THE CAR STEELWORK 


The machines are served by narrow-gage service tracks rum 
from the material storag vard, special care being taken to un! 
the material close to the track by which it will enter the s!| 
The progress of material through the machine shop is as fol] 
Center sills and ‘side-sill channels are loaded by overhead 1 
and brought into the shop on service lorries and deposited 
trestles opposite the traveler at rear of center- and side-sill 
spacing punch No. 775. Two air-operated traversing jack 
the sills in pairs and place them on the traveler rollers read 
pass through the machine. On the far side of this punch, : 
In big 2? is an elevated runway carrying the traveler head w 


/ 


grips the sills with its projecting jaws and automatically 


the punching. Along the traveler runway steel templets 


} 


ngage a trip lever suspended on the head 


projecting pu s 


eo 
traveler, close the electric circuit, arrest the travel of the 
and close the circuit of the punch control: the punch ther 
After passing through this macl 
are released from the jaws of the traveler, lifted by 
shown in Fig. 2, and deposited back to back on the rollers « 
flange-spacing punch No. 777, which are placed directly opy 
the delivery end of the web punch. 
operation the sills are disengaged from the head clamp and p 
back over the rollers to the starting point, where they are 
turned over by a special device attached to the jib crane I 


me t 


pletes the operation. 


ib crane 


(on completion ol the 


passed through the machine for the second operation on the op} 
The sills are then lifted by the traveliig crane of th 
section of the machine shop and placed on the rollers of « r 
punch No. 763 directly opposite, where draft key and lever 
are punched, completing the operations on the sills 

The center-sill and body-bolster cover plates and similat 


flanges. 


j 


are punched on spacing punch No. 750. The side plat ire 
punched on automatic spacing punch No. 764 in a similar 1 r 
to the sills, passing through for the first and second operat in 
pairs. 

In all of these operations the passage through the machines Is 
rapid and the accuracy of the spacing mechanism is such that the 
punching error is slight and far less than it would be we ich 
hole marked off and punched independently. 

There are certain parts which cannot be handled satisfactorily 
on the spacing punches, yet the punching must be equally as accur- 
ate or otherwise much of the benefit obtained from the spacing 
punches is lost when the parts are assembled. The machining 
of the ends of the side posts and braces is an example of this kind. 


In this case special combination dies are used to shear the ends to 
shape and punch the group of holes in one operation. 

The bolster cover plates and diaphragms are machined in & 
similar manner, the cover plates being passed over the spacing 
punch and the diaphragm flanges punched on one of the coping 
punches equipped with special dies for punching the flange holes 
in one operation. During these operations the machine is r¢ ieved 
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of excessive load by varying the length of the punches, resulting 


frames are placed in proper relation to each other. .In this positi 
in the holes being punched consecutively. 


the side frame is temporarily bolted, reamed, and riveted read 
The usual practice for freight-car work is to punch rivet holes — for the final assembly position. 
to a diameter not exceeding that of the rivet, and, when the parts Originally the end frames were assembled on jigs similar 
are bolted together, to ream the holes to a size not exceeding that those used for the side frames, but in recent years the end-px 
of the rivet by more than !/j¢ in. construction has been replaced by corrugated-steel ends. Thy 
steel ends and the end sills are assembled on trestles located bet w. 
the final assembling tracks, and when temporarily bolted toget! 
The erecting of steel-frame box cars by the jig method was — they are skidded to the second and third positions where they 
originated at the Angus shops. By this method the underframe, then reamed and riveted. In the fourth position the end ladd: 
side frames, and end frames are assembled on jigs as complete  roof-frame brackets, and other parts are applied, the end 
units ready for the final assembly of the car. The jigs consist of | completed being then placed opposite the final assembling positi 
stands or cradles by means of which the various members are ; ; 
accurately placed and held in proper relation to each other until ERECTING AND FINISHING THE Cars 


Tue Jig Meruop or Car-FRAME ASSEMBLY 


they are riveted together. The advantages of this method are 
manifold. As each member lies flat in the jig, the drawing together 
of the parts is reduced to a minimum, wedge bolts being used ex- 
tensively for this purpose as they can be rapidly applied. A they are turned ona turntable and placed in position on the ass 
complete unit being assembled in one operation, the possibility bling track. 
of accumulative error is avoided. The jigs dispense entirely with 
checking for squareness, alignment, and location of connection 
holes, thereby simplifying the final assembly to a considerable 
extent. Before any of the parts are assembled, all concealed 
surfaces are painted to prevent corrosion. 

The center-sill channels after passing through slot-punching 
machine No. 763 are skidded from the idler rollers to trestles just 
inside the erecting shop, where the draft castings are temporarily 
bolted on and the holes reamed ready for riveting. An electric In the third position the safety appliances, brake rigging, coup! 
hoist operating on a runway below and clear of the overhead cranes, uncoupling rods, ete., are applied, the remainder of the rivet 
swings the sills into position and the draft castings are riveted completed, and the entire frame as shown in Fig. 6 is then spra 
on by a compression riveter. The individual sills are then moved with the priming coat of paint, when the car is ready for fini- 
across to a position on the left where the two center sills are assem- The steel frames are switched each day to the wood freight 
bled and riveted with bolster center castings and separators in shop where the decking, sheathing, roofing, and doors are apy 
position. The sills are placed on stands on which are four fixed and the painting operations are completed. The decking 
pins corresponding to four rivet holes in the sills at the center line 15 /,-in. red pine and the sheathing of 1'/.in. Douglas fir, both ha 
of the bolsters. By placing the sills flange down on these pins tongued-and-grooved joints. 
perfect alignment of the two sills is assured, which simplifies the 
application of cover plates later on. The draft gear is also applied 
in this position. 


As the trucks are assembled and painted, they are deliver 
from the truck shop and enter the erecting shop by the side d 
immediately ahead of the underframe and side-frame jigs, w! 


The underframe completed in the riveting jig 
then lifted by the overhead crane and placed on the trucks, 
slings are released, and a steel end is next placed in position 
bolted on the end farthest away from the side-frame jig 
side frames are then placed in position as in Fig. 5, and fi 
the second end along with the center and side-sill eross-ties 
brake-cylinder reservoir and piping are also applied at this 
The ear is then moved by car haul to the second position w! 


the assembled members and the roof framing are riveted in p 


] 


High-grade lumber free from k 
checks, or cracks is selected for this purpose and is then kiln d 
the moisture content being carefully limited in order to pre 
the possibility of further shrinkage later on; the only obj 
The next step is the assembling of the underframes, and as this of any importance raised against the steel-frame box car, as 
is a lengthy operation, four positions are assigned for the purpose pared with other box cars, having been one arising from imp 
as indicated in Fig. 1. These jigs, as shown in Fig. 3, consist drying of the sheathing. 
of four steel cradles located at bolster and cross-bearer centers, 
and so arranged that each member of the underframe is held in 
proper alignment and at centers that will coincide exactly with 
connections on the side frames. The bottom cover plates of the 
bolster and cross-bearers are first placed on centering pins; the 
overhead crane then places the center sills in position, to which 
are attached the bolster and cross-bearer diaphragms with their 
cover plates and center-sill cover plate complete, after which the up through suction pipes from the bottom of the box by 
assembly is bolted together and the holes reamed ready for of air jets blowing across the nozzles, and as ejected it is at 
riveting. by the air and blown on to the boards in the form of a fine 
The underframes are then swung over by the overhead crane to The amount of paint to be applied is controlled by air val\ 
the riveting jigs on the right, which are constructed similar to by regulating the speed at which the boards pass throug 
those used for assembling, thereby maintaining the proper align- machine. No brushing or wiping is necessary. The boa 
ment. Each riveting position is equipped with two 50-ton com- leaving the machine are piled on trailer trucks and distri 
pression riveters suspended from swinging jib cranes, the posts 
of which are in line with columns to the right. The crane jibs 
are 21 ft. in length with runways for air hoists, the suspension 
mechanism being so arranged that the riveters can be tilted to 
drive the rivets in the inclined bottom flanges of the bolster and 
cross-bearers, which otherwise would have to be driven by an air 
hammer. The compression riveters were specially designed on with the bottom boards of the side sheathing previously aj 
the scissors principle, with a thin nose to permit of the top and The side sheathing which has already received the p! 
bottom rows of rivets being driven without turning the underframe coat of paint is next applied, and to insure that the sides 
over in order to complete the operation. car will be watertight, the joints are coated with paint com 
The side frames, consisting of the side sill, side-plate, posts, after which they are wedged down into position and bolted | 
braces, door posts, and track, are assembled as a unit on a jig framing. The end lining is then applied in a similar mann 
frame situated abreast of the underframe jigs. This jig, as shown vertically. In the succeeding operation the roof is applic 
in Fig. 4, consists of channel-iron stands, the four corner ones of boards and metal sheets of which have previously been p! 
which are capped with short sections of channel iron in which are After the doors are hung in place and the remainder 
holes for locating exactly the side sills and plates. The stands safety appliances have been installed, the car is given two addi! 
on either side are tied together with angle bars which carry addi- coats of paint and stenciled, when it is complete and ready f 
tional cross-bars upon which the various members of the side vice, as shown in Fig. 7. 


Before leaving the planing mill the sheathing, roofing 
running boards receive their priming coat of paint in a pa 
machine recently developed at the Angus shops and which d 
from those in use elsewhere. The boards on leaving the mat 
pass automatically through this machine where they are sp 
by a series of nozzles which can be set in any desired position 
ing to the surfaces required to be painted. The paint ts 


by tractors to the shops when dry. These machines will pa 
the rate of 200 running feet per minute, which is about « 
as the boards can be conveniently piled for drying. 

The first operation in the wood freight-car shop is to app 
decking, the joints of which are previously coated with a 
paint compound, as are also the ends of the boards making ¢ 














Recent Developments in Balancing Machines 


By CARL RICHARD SODERBEI 
The balancing of rotating machinery is still far from being an exact 
science, although it has received a great deal of attention during recent 
years The balancing of small high speed motors for domestic use has 
been neglected to a great extent because satisfactory balancing equipment 
} not been available The necessity for balancing this type of rotating 
apparatus is continually growing with the increase in speed and capacity 
a the customers’ demands for a lasting product The present paper 
1 brief description of efforts made to solve this problem and of a bal 
ancing machine finally developed that eliminated the difficulties and made 


sihle to manufacture quietly running motors 


4EVERAL fundamental diffieulties, in addit to 1 


' ‘ probien ) nemeg mia I al 
' peration must be performed Lf 
ecause t total cost of eac nit » low 

The high speed necessitate el eurate | 

Phe actual r the centrifugal fo t produced 
! i col derable unbalance ire so low that it ha hee 
found extremely difficult to obtain an indicating device for 
the vibrating motion 

iuse of these difficulties several attempts to produce a bal 
machine for small armatures, operating on the usual prin- 


ting the static and the dynamic unbalance, have 


It was decided, therefore, at the beginning of the in- 


| 
tion, to follow a plan that would procure ¢ mplete balancing 


without previous static balance \rrangements 


have been used before, but in these the balance is 


1 by three weights, two of which cause considerable in- 


ence In computing 

It hown in an appendix to the complete paper that the gen- 
te of unbalance can be corrected by two masses, one in 
two transverse plane of the body This ean easily be 


wd by recalling the fact that any system of 


forces em- 


inat y irom a straight line may he counteracted by two forces 


I ost common type ol balancing machine now on the market 
fa vibrating table so supported on springs and a fulerum 
table is capable o 


this 


performing small vibrations around 
vibrating member are mounted the rotor 
this rotor, usually 


and a driving mechanism for rotating 


lanced, a “dynamical image” of con- 


a variable couple 
und its image. If the fulerum axis is parallel with the 


ition, the unbalanced dynamic couple is eliminated and 


unbalance can be Asc rtained and corrected By shift- 


gt ilcrum axis to a position at right angles to the axis of 
the remaining couple will be effective and may be de- 
and corrected In both 
a forced vibration under the influence of the 


the body. 


instances the vibrating table 
unbalanced 
and the amplitude of this motion is inereased 
Thus 


is magnified without undue in- 


ng the speed of rotation so that resonance occurs. 


tiveness of the machine 


rea I speed. The original dynamie balancing machine, the 
“MITT ge machine, devised by Akimoff? several years ago, 
Was 1 first arrangement of this kind. Quite frequently the 


ince Is performed on parallel wavs 
Phe itic-dynamic balaneing machine has the following fun- 
di advantages 
static balancing generally increases the magnitude of 
he balanced ¢ le because ‘correct. longitudinal 
unbaiancer couple ecause ot incorrect ongitudina 
Thus, the amount of 


ilancing weights is greater than necessary 


cation of the correction weights. 
number of places in which correction weights are applied 
Er ' 


D 
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if mf 
WILhOoUu 


to tx 


obtained 
The body 


ted in bearing blocks on a vibrating table supported by two spring 


state of unbalance mav be segregation int 
and dynamic unbalance balanced is mour 


static 


members and a movable fulerum member. This admits of motion 


around any axis in the plane F-F at right angles to the axis of 
rotation. Assuming that the transverse planes A-A and B-B 
have suitable arrangements for the application of correction 
weights, it is certain, from the above, that any unbalance in the 


body may be corrected DV on weight In each of these planes By 
B-B, the 
is eliminated as far as its effect 

motion ol 


f the vibrating table is concerned. This 


placing the fulerum axis in one of these planes, 


this plat Cc 


Say, 
theoretical weight in 
upon the will 
now be produced | \ the unbalance in the othe: plane , 

If a 
the angular position of this weight is added to the arrangement, 
be determined in the 
or dynamic unbalance is determined in the old type of balancing 


counterbalancing device for measuring the amount and 


the unbalance may Same 


manner as stat! 


machine. By subsequently placing the fulcrum in the plan 
1-A the effect of the unbalance in this plane is eliminated, and the 
g the 
whether the balancing 


(] ( effer I 


weight in the 


r determinit 


same procedure INAV hye appl ed i¢ 
plane B-B. 


weights are applied during the opezation or not, 


It is evidently of no importance 
since 


vibrating table Is reduced in each case 
unknown weight. It is 


upon the 
also evident that this arrangement meets 
the requirements. 

This arrangement, which has been called a balancing mach ne 
with a movable fulcrum, was adopted as the most suitable on 
for balancing small armatures. There is, however, no indication 
that its application will be restricted to sma!l rotors. 


FEATURES OF THE First DESIGN 


The subsequent design of an operative machine offered a number 








Interesting problems. There are two poss yilities wit] 


to the operation ol the device: 
Determining the magnitude and the location of the unhal- 


need masses by means of a counteracting devi 


Determining the magnitude of the unbalanced ma hy 
the amplitude of the motion, and the location py t 
trial’ or by irking” the rotor 
PA rh these t » S\ ie aul ent, t! ha ) i y 
( ollow ng theories | e first m le] Wi uit i | 
erated in accordance with the ond alternative mainly because 
inbelance on the type of m rs r which the mod \ mutt 
could easily be corrected by inserting wedges into the slot lt 
eems probable that, in this particular ease, no gain could b 
obtained in speed of operation by applying a counterbalancing 
devict The following principles relate tc either one of these alter- 


liscussed separately for the sake of clearness 





\ | to D;i nif Lo if or the Ful aL | 
Since the 1 ‘ 
” . inertia ¢ the vibrating 
) > vstem s WI 
¢ —f}= location t 
a x ee oe a iXl to be kpected 
| Te t the natural period 
[ + \ and hence the resonance 
speed, should il It 
) 2 is been found, vevel 
hat an arrange t car 
il CASE WITH CEN Ol be made in which the 
( \ KA ‘G SYSTEM IN } 
kULCRUM PLAN aaa oo . 
CCIVECS i ( ( ponding 
Variation, so that the quotient remains constant The theoretical 


explanation is given in a second appendix to the complete paper 
Result of this investigation shows that if the two spring members 
are identical and located symmetrically with reference to the 
center of gravity of the vibrating bed and at a given distance, the 
natural period of the system is independent of the fulerum location 
lig. 2 gives an illustration of the principle for the specific case 
where the center of gravity of the vibrating system 


} 


is located in the fulerum plane 

\ constant balancing speed is vi ry @ssel tial for 
efficiency and accuracy. The latter is 
dependent on the degree of resonance, and a 
slight error in the speed may distort the result 
altogether The type ol indicating device that 
wa- adopted served to increase the Importance of 
constant speed. 

Naturally the principle does not admit a variety 


of armatures to be balanced on the same set-up 


As far as small rotors are concerned, they are 
manufactured in large lots, thus making it necessary 
to have a balancing machine for each type. When 
Irequent changes have to be made, a vibrating 


table may easily be supplied for each type Ol aT 


eV 
armature, } 
Indicating Device. The indicating device proved j 


to be a stumbling block. Attempts to use the 
ordinary type of dial gage indicators failed 
altogether There was always the possibility of Fic 
using the conventional mirror and light beam, but 

it was not considered practical in production routine. 
reed was finally applied with success. 


» 


\ vibrating 
Spring steel 0.125 in. by 
0.006 in. is used on the present model and the amplitude of the 
reed is a tolerably good measure of the angular deflection of the 
vibrating bed. The resonance of a reed of this type is considerably 
sharper than the resonance of the vibrating table itself. This isa 
decided advantage, because erroneous readings are eliminated. It 
necessitates, however, a constant speed of the driving arrange- 
ment. 

Driving Mechanism. The requirements for constant speed 
magnified the importance of the driving motor. Several attempts 
were made with a small motor mounted on the vibrating table, but 
without success. The kinetic energy of the rotating masses must 
be sufficient to resist variation in the friction load. As long as the 
driving motor is mounted on the vibrating table, its weight must 
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be restricted in order that the vibrating mass may t be te 
great, In the arrangement u ed at present the rotor 1 Der 
driven by a fairly large a.c. motor mounted on t ite indat 
The driving belt consists of a silk 1 Phi rangement 
proved to be il wtory The di tu ce of the el ! { 
ent to influence motion of the vi iting Ix | 

r t f S | prob rredeter 
ne the a plituch ra n unbal nece l rst 
ol he i I that it tT mot it re ! ( | 
knowleda ie mnt ial friction ¢ rings is there re ot ¢ 
liporta Lit work has bee ao long 
ind thy CAT ia! ( ethod i it] le rt 1 er 
f the internal friction in springs It is generall 1 
the damping of a spring Is a linear function of 1 eed 
i ype il i bye ur true lo i ill | ] \ I 

pring characteristh r different degr ( re 
ilso limit the amplitude at resonance, althou i i 

t tro that of int il fri | i l ‘ 

riously imp the resona Lhe yubire 

! | Ing machines are erelore 

~ il” oO. wracter 
» Low internal fricti 

The rela npli e, t t g | 
of the vibrating bed, to the unbalanced mor t 
a third appendix to the complete paper t 
angular deflection lirectly proportional to the u di 
with regard to the fulerum axis and inversely proportiona 
damping factor. This is true for perfeet resonar 
assumption that the damping is proportional t if 
of the speed It has also been found tig 
the major part ol the dampu gy ellects ¢ ll nm tin ty! Uv 
selves. The total damping is therefore a function of the 
of the fulerum axis rhe minimum of damping « Irs 
central location of the fulerum | efore the amplitu 
i direct measure ol the inbalas ed moment: it LiWAY D 
however. to place the rotor in such a man r that the 1] 
have the same value for the two planes in which thi il 
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} j 
l : 
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- 4 } 
= T tite : 
- art = ; 
~ 
Sipe View or BaLanciInGc MAcHINE witH Movanie Futcrum 
is corrected, because the variation of the damping factor 
metrical with reference to the central location of the 
There is, however, another factor of 1 nportance in t| 
nection. It is theoretically true that if the springs have 
line characteristics and a sufficiently low internal friction, 
disturbance (unbalance) will produce a considerable am] lf 


If the disturbance is small, however, the time required 

vibrating system to absorb sufficient kinetic energy to att 
maximum amplitude will increase. This introduces 

element into the problem, namely, the proportion betwe 
moment of inertia of the vibrating svstem and the magnit 
the disturbance. Common sense tells us that there is a « 
limit to the moment of inertia of the vibrating system [01 


amount of unbalance to be measured, but no attempt has pre 


viously been made to establish actual values. In the au 














rcs 





JUNE, 1925 MECHANICAL ENGINEERING, 5 



































the time required for the balancing ma- 
eto “pick up” and the amount of internal a. 
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ind eC] ent i ( alle t 1 v ¢ t | 
l \ i i herefore. the le ¢ aoe 
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lig l lig. 4 hig. 5 
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| its ¢ Phe engag 
D so it by n ¢ the carriage / iXis 
relati the al iture r} lOcatlo t | 
erence t nature licated | er S. O 
liding | i rating reed F, v h vi 
= he gradu ( ile G attached ge | Che 
indications of the reed are t re propo! il to ugular 
deflecti f the vibrating bed 
~] | The bed is prevented from moving in the horizontal plane by 
Sa 4 | | the flat springs 17, clamped in the blocks J. These flat springs 
| press against the knife edges J which ha center p gaging 
= 2 2 | in centers on the caps A of the coil springs The flat springs 
17 _ wa ! have slots to fit these pins. The slots are machined that there 
is practically no clearance in the lateral direction but a considerable 
= clearance in the longitudinal 
| The coil springs are supported on the longitudinal member M 
( | by the adjustable seats L. Thus the length of the springs may be 
— adjusted so that the entire weight of the vibrating system is carried 
i ~~ by the springs. In this ease the pivots earry no other load than 
ane =} that of the inertia forces. The carriage E moves underneath the 
; T spring-supporting member MV. This admits of moving the fulcrum 
q member past the springs if desired. 
" The driving motor N is a single-phase induction motor starting 








as a repulsion motor. The load is very small so that it 
ND View oF BaLaNnctinc MacuIne with MovasBiLe Furicrum (¢ 
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The Development of Industrial Safety Codes 


By M. G. LLOYD,' WASHINGTON, D. C. 


After giving statistics showing the need for accident-prevention work 
from both the humanitarian and the economic viewpoint, this paper shows 
the value of state inspections and national codes. It then presents a brief 
history of the American Engineering Standards Committee's activity 
in this field and of the Safety Code Correlating Committee. The paper 
closes with an outline of the manner in which safety codes are now 
formulated. 


Hk PAST dozen years have shown a growing interest in 
accident prevention and a rapid development of activities 
for the elimination of casualties. The extension of com- 

pulsory compensation laws, which now cover all but the District of 
Columbia and five states of the Union, has given accident prevention 
in industry an economic status which it did not previously possess, 
Prior to this era claims for damages by employees could be resisted 
in the courts | Vv en ple vers and the defense of contril utory neg- 
ligence acted to eliminate many such claims. Under the present 
compensation laws, however, the payment of such claims has be- 
come more certain and definite in amount. Compensation insur- 
ance is very general and its cost is In most Cases depe ndent upon the 
accident expt rience of the policy holder. There is cons quently a 
very definite economic incentive for the reduction of industrial 
accidents 

In the fiscal year ended June 30, 1920, the Federal Government 
spent about $1,350,000 for accident prevention and sanitation work 
in industry, representing an expenditure of about 1.3 cents per 
capita. The part of this amount used for accident-prevention work 
in the manufacturing industries represents an expenditure of about 
8 mills per thousand dollars of value ‘of manufactured products. 
In the case of mineral products the disbursement is about 9.5 cents 
per thousand dollars of value of products. 

Most of the states have a department of labor or industrial com- 
mission administering compensation, and many of them have 
authorized such commissions o undertake work for the prevention 
of accidents or else provide an independent state factory inspector. 
In 1919 the various states spent for accident-prevention work 
$2,723,000, or about twice as much as the Federal Government spent 
for safety and related purposes. 

No reliable estimate can be made of the amount of money @x- 
pended each year by the industries themselves in improving the 
physical conditions of their plants and in other activities related to 
accident prevention. In addition to such expense they must also 
meet compensation costs, attorneys’ ‘ees, and other expe nses occa- 
sioned by accidents. The expenses of many individual corporations 
annually in connection with accidents and safety work mount into 
six figuies, and the total for all industries must run into many mil- 
lions. The railroads of the country alone paid out in 1917 over 
$33,000,000 chargeable to accidental injuries. There were in that 
year 10,087 fatalities and 210,729 cases of injuries. The average 
cost was thus over $150 per accident. 

Th's mmense waste of human resources has both a humanitarian 
and an economic aspect. The economic waste involved is of great 
mportance to industry. So far as it depends upon physical condi- 
tions of plant equipment and operation it can be largely eliminated 
by compliance with the principles of accident prevention which it 
is the function of safety codes to apply in detail to specific industries 
or operations. 

STaTE INSPECTION 


The principal activity by which the state officials can reduce 
accidents is the inspection of factories and other work places and 
insistence that they shall be so constructed and operated as to 
provide for the safety and health of employees. In making such 
inspections it is necessary that the inspector should have some 

1 Chief of Safety Section, U. S. Bureau of Standards; vice-president, 
American Society of Safety Engineers. 

Presented at a joint session of the American Society of Safety 
Engineers and the A.S.M.E. Safety Codes Committee at the Annual Meet- 
ing, New York, December 4 to 7, 1922, of THe AMERICAN Society OF 
MECHANICAL ENGINEERS. Slightly abridged. All papers are subject to 
revision. 


standard of comparison by which to judge of the conditions whi 
he encounters. Only by having such a standard of reference is 
possible for different inspectors to treat different cases upon 
uniform basis or even for a single inspector to be consistent in | 


decisions with reference to different industrial plants. Such 


standard may exist only in the mind of the inspector and be su 
to development and change from day to day. Much more sat 
factory results, however, can be obtained by having written star 
ards subject to change only by definite action of the administrat 
authority and capable of being known to factory managers, mat 
facturers of machinery, and others concerned with them bef 
installations are n ide It is then possible for such persol 
plan their installations so as to meet the requirements of the 
Officials. In that way more complete compliance on a more sa 
factory basis is obtained 

It will be apparent that the greatest satisfaction to bot! 
spector and factory manager will result from inspections and 
enforcement of regulations when the latter consist of a defi: 


set of written rules which have been given full consideration bi 
adoption and which are applied uniformly by all inspectors wit 
a given jurisdiction and are modified only by definite admini 
action after due notice and full consideration Conse que ntly 
of the states which are active in factory-inspection work | 
definite regulations, and it is the duty of their inspectors to se 
such regulations are complied with. 

These regulations may take the form of statute laws or of 1 
promulgated by some administrative authority. Wher 
regulations are established by statute it is impossible to a 
or amend them except by the same legislative process. Wher 
regulations are promulgated by administrative authority, char 
and amendments can be made from time to time as experience 
progress in the art makes it advisable to do so, and a system whi 
more flexible and in general more satisfactory to all parties concer 
is obtained. 

Whatever legal form the regulations may take, it is desir 
that they be as definite as possible, be so drawn up as to he ¢ 
understood, be available in printed form for the guidance of 
interests concerned, and be given very thorough consideration | 
parties and interests before their mandatory adoption 

Such a code of safety rules is valuable not only for mandat 
enforcement by administrative authorities and for authorized 


spectors, but as a guide to the industry concerned in improving 


its methods and modifying its previous practices. Many n 
facturers are only too glad to make improvements in the phy 
condition of their plants when the possibility o° such improven 
is pointed out to them, and many of them are eager to apply 
information which will improve the welfare of their emplo 
The greatest value of the safety code is probably in providing 
information as a standard for the guidance of the factory mal 
and the author considers its usefulness as es regulation for 
enforcement to be secondary to this. 


ADVANTAGES OF NATIONAL CoDES 


Most of the safety codes heretofore adopted and enforce 


state boards and commissions have been developed locally and 


usually with the codperation of a committee representing 
interests. In the preparation of such codes, use is frequ 
made of standards already adopted by other states or by indu 
and engineering associations. In some cases such standar’ 


ready available are adopted without change, but more often changes 


of greater or less extent are made for the purpose of improve 
or of meeting some real or fancied need caused by local condi! 
This is well illustrated by the Boiler Code prepared by The American 


Society of Mechanical Engineers and the Electrical Safety (ode 
prepared by the Bureau of Standards. If the national code: 
generally prepared by processes which would take into consideration 


local variations and conditions, and which guaranteed the [ull 
consideration of the viewpoint of every interest involved and iree- 
dom from domination by any one interest, particularly such as might 
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be of a commercial character, it would seem advantageous to adopt 
uch national codes without the introduction of local variations. 
rhis would give the advantage of uniformity in requirements in 
different jurisdictions. The manufacturers of equipment could 
then supply a single line for use in all states, thus reducing produec- 
tion costs, and the work of the contractor and inspector would be 
mplified 

irmonize their own requirements with those legally enforced by 
he state authorities. As it has been in the past, and is now, the 

quirements of state inspectors and insurance 


It would also be easier for the insurance companies to 


mspectors are 
equently different, resulting in confusion and friction, and a 
inclination upon the part of the factory manager to comply with 
ther. If these standards were made uniform, and all concerned 
th safety agreed upon the physical conditions for attaining it, 
ere would be greater readiness to follow such standards in prac 
il shopwork 
lo obtain national codes of this character it is necessary that 
er preparation be accomplished by the widest and most thorough 
sideration of those familiar with the particular problems of the 
lustry concerned and that full weight be given to the viewpoints 
ill interests involved 
Realizing the importance of safety codes prepared upon a national 
is, and as the result of the contacts made by its previous work 
this field and the demands for more extensive work of the same 
character, the Bureau of Standards called a preliminary conference 
on this subject in Washington in January, 1919, and a second con- 
At these conferences the 
ject was fully discussed, the need for national codes generally 


nee in December of the same year 


nized, and the best method for preparing them given full con- 
ration It was finally agreed that the scheme of procedure in 
establishing national standards which had been inaugurated by the 
American Engineering Standards Committee would be the most 

factory to utilize in the pre paration of safety codes, and it was 
f y voted by a large majority that they should be prepared 
under the auspices of this committee. It was realized, however, 
in order for this plan to be widely acceptable it would be 
sary to enlarge the scope and membership of the American 
neering Standards Committee, and this was done as a direct 


I t of these conferences 


SAFETY CopE CORRELATING COMMITTEE 


result of the 1919 conferences a National Safety Code 


( ittee was formed which is now known as the Safety Code 
( lating Committee. It acts as an advisory body to the Ameri- 
‘ lengineering Standards Committee in all matters relating to 
vy codes, its membership being such as to give it more direct 
( t with the desires and needs of those most intimately con- 
ct 1 with safety matters. Its present membership includes 
r entatives of the following 
erican Gas Associatior 
e American Society of Mechanical Engineers 
ierican Society of Safety Engineers 
ciation of Governmental Labor Officials 
ternational Association of Industrial Accident Boards and Com- 
missions 
onal Association of Mutual Casualty Companies 
tional Bureau of Casualty and Surety Underwriters 
tional Electric Light Association 
tional Fire Protection Association 
itional Industrial Conference Board 
tional Safety Council 
S. Bureau of Labor Statistics 
S. Bureau of Mines 
5S. Bureau of Standards 
The first report of this Committee in 1920 included a list of thirty- 
Seven codes which were considered of the most immediate im- 


Since 
it has made additional reeommendations from time to 
ume and the Engineering Standards Committee has referred to it 


portance and for which sponsor bodies were recommended. 
that time 


questions concerning safety codes which required investigation 
bef decision. 

The members of the Safety Code Correlating Committee are 
lrequently designated by the chairman of the Engineering Standards 
Committee to serve upon special committees which investigate the 
make-up of Sectional Committees for safety codes or advise the 
Engi eering Standards Committee as to the suitability of approval 
ol standards in this field which have been submitted to it. The 
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Committee thus functions in general to advise the Engin 
Standards Committee and keep it inf 


matters relating to the field of safety cod 


THe PREPARATION OF SAFETY Cop 


When, after recommendation from the Safety Code Correlating 


Committee, the American Engineering 


the me ed 1¢ 


Standards Committee 


recognizes r the development of a particular safety code, 
it designates one or more sponsors to manage the formulation of 


such a standard and the sponsor body organizes a Sectional Com- 


mittee containing representatives of all organizations which are 


considered to have an interest in the developm nt of this parti ‘ular 
code. Such Sectional Committees usually contain representatives 


of the following groups of interests 


Manufacturers of the « 
kimplover 


Emp CCS 


quipment 


Regulatorv government r presentative 
le 
( asual Insurance companies 


The Sectional Committee must have its make-up approved by 


the American [engineering Standards Committee as b ing properly 
representative and well balaneed as to interests which may have 


different viewpoints. This Sectional Committee may itself carry 


out the work of formulating a standard or it may merely pass 
upon such work when it has already been done, and i ire 


to modify any standard before its adopti yn When the Sectional 
Committee agrees that a standard or code is in ace 


ve. 


ptable form 
for final adoption it reports to the sponsor, and if the sponsor body 
is satisfied with its work and approves it, it so reports to the Ameri- 
can Engineering Standards Committee. That Committee then 
approves the standard as an American Standard, as a Tentative 
Standard or as Recommended Practice 

The American Engineering Standards Committee has already 
approved eight standards which may be classed as safety codes, as 
follows 


Industrial ] Cod 
Safety ( | the [ Car ind Prot \ W 
Na lS ty ¢ le for t Prot t H 1 | f 
Industrial Workers 
Nati i rical (Fire) ¢ l 
Nati il | Safety ( j 
| idry Safety ¢ | 
Power Press ¢ le 
Permissible Exy 
More than twenty other safety codes are now being actively 
vorked upon and some of them are about completed. Almost an 


equal number in addition have been given preliminary consideration 

It will be apparent from the foregoing that the American En- 
gineering Standards Committe 
Code Correlating Committee, 


, with the codperation of the Safety 

furnishes the machinery for the 
formulation of safety codes in a manner which will insure thorough 
consideration of the merits of proposed rules and thorough consider- 
ation of the viewpoint of the various interests which are concerned 
with safety codes. The actual formulation of such codes may be by 
a Sectional Committee, by a working sub-committee of such Sec- 
tional Committee, or by the technical staff of a sponsor body, but 
in every case the entire Sectional Committee must pass upon the 
work and approve the tentative draft of a code before it is sub- 
mitted to the American Engineering Standards Committee. The 
Sectional Committees are made up of representatives from the six 
groups previously mentioned and in the case of safety codes always 
include some representatives from state departments of labor or 
industrial commissions. When such codes have been approved by 
the American Engineering Standards Committee the assurance is 
given that they have had just as thorough consideration as is ever 
given locally to the formulation of a state code, and in most cases 
they will have had wider consideration and criticism; and in adopt- 
ing such a code any state authority may feel sure that he is putting 
into effect as reasonable and as complete a set of rules as it is feasible 
to formulate at the time. Such codes may consequently be taken 
as models for local adoption and application and there will usually 
be no good reason for modifying the form in which they have been 
nationally approved. 























SURVEY OF ENGINEERING PROGRESS 


A Review of Attainment in Mechanical Engineering and Related Fields 





AERONAUTICS 


THe Reep Souip-Metar Semi-FLEXIBLE PROPELLER, 8. Albert 
Reed. Description of a new propeller which is said to be marketed 
by the Curtiss Company. It is a semi-flexible, solid, thin one- 
piece metal propeller of about the same weight as a wooden pro- 
peller. Itis claimed that it can be twisted to varying pitches and 
twisted back again, permitting combinations of two-bladed pro- 
pellers to make four at will and turning at the velocity of sound 

The original article describes in some detail the principles under- 
lying the design and tests made with the propeller, particularly 
those at McCook Field. (Aerial Age, vol. 16, no. 4, Apr., 1923, 


pp. 182-185, 6 figs., d 


Licgut PLANE GLIDER Notes. A competition probably 
to be held some time in September has been arranged for in England 
for light planes fitted with engines not exceeding 750 cu. em 
capacity. 

In this connection it 


AND 


is stated that Barbot has been recently 
flying at Toulouse, France, with a machine fitted with a 7—10-hp 
motoreycle engine. He took it up to a height of about 1500 ft 
a cross-country flight. It is further stated that the 
machine requires only t hp. to keep it in the air and that the max- 
imum speed is about 60 miles per hour. 
the “Dewoitine.”’ 

In England a light plane has been designed by W. O. Manning 
for the English Electric Company and fitted with a two-evlinde: 
A.B.C. motorcycle engine nominally of 4 hp. but developing about 
7ors hp. This machine was tested by Squadron Leader Morris 
Wright, first in straight flight and then in a flight of seven minutes’ 
duration with satisfactory results. 

The “Wren,” as this design is called, is an ordinary glider in appear- 


and made 


The machine is called 


ance with enclosed fuselage and a cantilever wing with a pronounced 
dihedral, and the under carriage nearly hidden in the fuselage. 
The engine drives directly a tiny tractor screw. 

In this glider both the pilot and the engine are in front of the 
wing and yet the machine is not nose heavy, which may be due 
to the fact that the tail is set at a laree negative angle. (Flight, 
vol. 15, no. 15, 746, Apr. 12, 1923, pp. 199-200, 2 figs., d) 


Lacierva Autogiro Aeroplane 


New Type or Frying Macutne—Tue Lacierva Avroairo. 
Description of a machine designed by the Spanish inventor Juan 
Lacierva and tested near Madrid by an officer of the Spanish army. 

The ‘“Autogiro,” as the machine is known, is not a helicopter. 
In it the large four-bladed screw which is mounted on the vertical 
shaft fixed on the fuselage is not actuated by any power plant. 
Instead it is made to turn freely on its bearings. It is therefore 
really a wind vane which operates like the small propellers which 
are used to actuate the fuel pumps of aircraft engines or wireless 
generators. 

This big vane is mounted in ball bearings and is not controlled 
by the pilot. The blades of the vane are set at a fixed angle of 
incidence relative to the axis of rotation, but they are hinged to 
the bearing shaft in such a way that in flight they place them- 
selves in the resultant of their lift and the centrifugal force. 

Outside of these vanes the machine is an ordinary tractor aero- 
plane. The following is given to explain the principles involved 
in its operation. 

It is known from experiments that when a stationary airscrew 
is exposed to an air current, the blades, being in position A (Fig. 
1), have a resultant R which makes an angle with the airscrew 
shaft. The resultant P of the opposite blade (position B) has 
always a smaller angle than A or is negative. Therefore a rotation 
is established by the airscrew in the sense of the arrow. The 
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speed of rotation will increase until the R and P 


littu 
body does not transmit to its shaft any torque except the « 


resultant of 


parallel to the axis of rotation of the airscrew. The whole 


produced by the friction of the bearings, which can be neglect 
therefore eliminating the necessity of using two prop llers 
However, the resultant velocity of the 


air in position A 


blades relative to 


is greater than in B and its lift will be 


also. Therefore the total resultant of this airserew will not p 
through its center and the whole svstem will tend to bank. T! 
banking effect has been overcome in the Autogiro by HXIng 
R 
| A 
bye 
' R 
\~e ™~ | > 
y | me 
ce 
A 
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WinbD VANE OF THE LACIERVA AUTOGIRO 


blades to the shaft by means of a hinge, which permits them to 
set themselves automatically in the resultant position ol 
centrifugal force and lift. In such a way blades A will 
slightly, while blades B will remain horizontal and the tota 
sultant of the lifting airscrew will always pass through its ce 
If we analyze the effect of the hinged blades of the vane, w 
that the shaft can freely change its angle with the plane of rot 
of the blades, but that the blades have a strong tendency to 1 
to their original position relative to the shaft. This gives ar 
matically perfect banking in the turns and stability in flying 
The velocity of the blades relative to the air is much gr 
than the translational speed of the whole machine. The ang 
of attack is a function of the translational speed of the ma¢ 
and the angle between its direction of motion and the plam 
rotation of the blades. This allows a much greater range of speeds 
and angles of flying to the whole machine, and will permit landings 
in very small spaces without horizontal motion. 
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It is stated that in tests it did land with the engine shut off with 
ractically no forward speed and that it has remarkable stability 


rit can be flown without assistance of any lateral control while 


e elevator controls could be locked for any length of time without 
fluenc Ing the be havior of the ie hine Aviat on, vol. 1 1, no i 


Q, 1923, pp. 397-398, 2 figs., dA 


BUREAU OF STANDARDS (See Engineering Ma- 
terials; Refrigeration 


ENGINEERING MATERIALS (See also Refrigeration 
West African Palm Oil— Manufacture and Uses 


\V ES AFRI AN PALM 011 : \gricola Down © quite recent 
virtually the whole of the palm oil produced in West Africa 
been laboriously and crudely prepared by hand !abor, chiefly 


of women and girls, while the quality of the product has been 


tedly below attainable standards; moreover, it has long been 
that enormous quantites of oil are lost annually in conse- 


e of the wasteful methods adopted 





tuation would seem to present a splendid opportunity 
troduction of machinery, and it is remarkable that onh 
the ist decade I oO have seru ittempts bee made to 
clic l 
thi rere rit ( VEeVeT er iceable ! il ry I> ( y 
ed which remove the pericarp trom the truits, the o1 
y then transter ed t presse where the expression ¢ thie 
ected ier cont! mi I tor ( te perature 
lowmes , achines effects great economi , 
uso T { thie roductiol cl ol good 
( ~ r, pia t! kind alt t entire 
| i ; ’ 
parated trom the pericarp 
ent. | e now t iM dealt vil 
bes Ieee, 
hei Cl Cu 
quent procedure vever, Is ali t redible \] 
of palm kernels are exported from West Aft 
et til « paratively recently, every single kerne 
{ the deliberate cracking by hand, between 
t ‘ t hve Cy ted individual 1 its Ole hy 
the p g out, separate of the lividual 
thi rpose are now avall e, but ir 
easing ust chiefly by European undertaki 
e palm nu ire still cracked by hand 
lected and shipped to Europe where the oil 
er pressure In machine presses, or extracted by 
vhich the oil is obtained subsequently by evaporation 
hells forr i good fuel. but at present have no regular 
( Dur ng the war, however, palm nut shell as 1 
( mut hells were largely used lo! the manulacture 
oal which was found to be admirably suited for use in 
f s as an absorbent of noxious fumes 
mary value of palm oil to the West African native is as 
, ft which is chiefly used as an oily basis for the preparation 


; 


ews, and dishes of all kinds; and “palm-oil chop” is 
ugh to Europeans on the Coast 
ised for this purpose is usually carefully prepared from 
and has considerable dietetic value When fresh it 
dor of violets, and is much appreciated by the natives. 
tain districts the natives are also acquainted with the use 
lor making soap, which they prepare by mixing the oil 
es obtained by burning banana leaves. This fact is 
gy, since the manufacture of soap and candles is one of 
uses to which palm oil is put in industrial europe, es- 
this country, where enormous quantities are employed 
naking, 
, ‘Hother important use is in the Welsh tin-plate trade, where 
ull commonly mixed with cottonseed oil and certain mineral 
‘tensively used for coating the heated iron plates previous 
tinning” process, in order to prevent oxidation. It will 
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also be remembered that, as mentioned 


Commerce, oil engines have now bee n de iv! ed whic] ice l ly 
use palm oil as a fuel 

The oil from the kernels (palm-kernel oil) finds somewhat differ- 
ent uses Like palm oil it is solid fat (white t temperatu 
obtaining in this country. Relatively ill quantities of tl 
nels are used locally, the bulk being exported 

Before the war this trade was very largely in thi f Ger- 


Many, 4s 1s shown by the fact that in 1913 of a total export of 174,720 


tons of palm kernels from Nigeria, valued at £3,109,S20 
than 131,SS6 tor ilued at £2,405,624, were sent to Germany, 
the British import being only 30,345 tons valued at £511,541, 
Further Crerman' nthe same veal obtained in adadlit if LOO.000 
tons of kernels, worth over £1,000.000 from other West African 
countries British and loreign During the wal ! evel the 
kernels were sent to this country and an important trade m 
has been built up which it is hoped will be retained 

Two products are obtained from the kernels ( m- 
kernel oil, and oil cake 

The oil } isa plea int nutty taste and ised Not Oo! ror! iking 
oOup ind candle Dut also to an increas extent rt i (- 
ture margarine egetable butters, cooking | fats used 
int g chocolates and ¢ ectional The ¢ ( ted 
or margarine, and it is estimated that probably 40.000 toy re 
now ed annu | pe for this purpos 
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Phe method of « g described by the aut vhat 

ll to the well nh process Of Calo! ng a Ley l I 
the property possessed by many met diff g { " 
ires ty y their 1 oy int 
4 powdered mixture mina and l Ihe 
the ite! 1 in the tul | ent l i 
per cent of chromiu veight | iterial is u ked 
Into a tube of ir i ther eated a 00 1-400 
in hydrogen, in 1 or } r eutral at ‘ a 
lengt! e depending upon the penetrat il n 
( ( romiu ait red ( ertal 1! uth ( H 
( Xx el { itt Pol ive 1 erved 

Ihe i! a Wort sist i1uU lu lin \ l 
with 1 bal ( i heating wirt These tu ur ed 
In a suita Irnace ¢ ind surrounded wi ilu powder 
Wil | ict 1 L ive I ‘ hg tk 1 Lhe it ‘ rT { ‘ ( 
furnaces thus far ha peen in the chro! Ing ot tu l . 
which latter have been installed in various turbines throughout 


the country in order to test them for corrosion under actual operat- 


ing conditions 


The structure of the metal is next discussed and illustrated by 
photomicrographs. In order to get the best results it is necessary 
to use an iron or steel of low carbon content, as iron of high carbon 
content does not chromize well. The difficulties of the process 


are discussed and data given as to the penetration of the chromium 
into the material. 

As regards resistance to corrosion, chromized-iron samples 
were tested alongside with sherardized samples and gave equally 
good results. 

The samples under test showed up so well that additional tests 
upon turbine buckets were made. These chromized nickel-steel 
buckets proved SO satisfactory that it was decided to put them 
into various turbines throughout the country, and into some of 
the turbines of ocean-going vessels. The best comparison of 
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resistance to corrosion of chromized and unchromized turbine 
buckets under service conditions is illustrated in a figure in the 
original paper. 


wheel of 


These buckets were run side by side in the same 
a turbine for year. The unchromized nickel-steel 
bucket had its edge entirely corroded and eroded away, and in 
addition the face of the bueket was badly corroded. 


one 


The chrom- 
ized bucket was in perfect condition, showing no signs of corrosion. 

In cases where the chromized material must stand high tension 
and fatigue stresses, the high temperature of chromizing lowers 
the resistance of the material to these stresses, but by proper 
heat treatment the original properties may be almost entirely 
restored. 

Carbonizing of chromized iron lowers its resistance to corrosion, 
and polished samples of chromized iron which have been case- 
hardened will show numerous globules of water if to 
stand in the open air for only a short time. 

Chromized iron itself is quite soft and ductile, but by case- 
hardening and heat treatment it may be made very hard. 

Chromized-iron samples were tested in 10 per cent HCl, HNOs, 
and HSQ,. They stood up for five months in the 10 per cent 
HNO; without discoloring the solution or showing any signs of 
attack, but they broke down almost immediately in the other 
two acids. 


allowed 


In addition to these characteristics, chromized iron has a silver 
color, it takes a high polish, and the most remarkable thing about 
it is its softness, even where large percentages of chromium are 
present. 

Chromium may be applied to other metals besides iron and 
may be used for purposes other than preventing corrosion. (Paper 
presented before Forty-third General Meeting of the American 
Electrochemical Society, May, 1923. 


copy, pp. 233 250, 8 fig., eA) 


Abstracted from advance 


LaTHE BreEAKDOWN TEstTs SoME Mopern HIGH-SPEED 
Toot Streets, H. J. French and Jerome Strauss. This report is 
concerned with comparisons of performance of modern high-speed 
tool steels in so-called “lathe breakdown tests,” in which endurance 
of tools is measured under definite working conditions, and likewise 
with the limitations of this method when applied to the purchase 
of steel. The modern steels are first classified according to chem- 
ical composition, and this division is made use of in discussion of 
results obtained. 

Important features developed or conclusions drawn may be 
summarized as follows: 

1 Breakdown tests are not satisfactory as the basis of purchase 
for high-speed tool steels. 

2 While competitive comparison of brands of nearly similar 
performance are not justified, owing to the qualitative nature of 
this type of test, relatively large differences may be ascertained 
with certainty, provided sufficient tools are tested and averages 
of at least two grinds are used in the interpretation of results. 

3 In certain severe breakdown tests with roughing tools on 
3 per cent nickel-steel forgings, in which high frictional temper- 
atures were produced, it was found that the performance of com- 
mercial low tungsten-high vanadium and cobalt steels was superior 
to that of the high tungsten-low vanadium type, and special steels 
containing about '/, per cent uranium or */, per cent molybdenum. 
The average power consumption in all cases was practically the 
same, so that this factor need not be introduced in comparisons 
which may be made on the basis of endurance of the tools. 

4 Modification in test conditions, including small changes in 
tool angles but principally changes in cutting speed, more markedly 
affected the performance of steels containing cobalt or special 
elements such as uranium or molybdenum than that of the basic 
types (plain chromium-tungsten-vanadium steels) 

5 The relatively poor endurance of the high-tungsten steels 
under severe working conditions was not observed in more moderate 
tests which were made on the same test log with equal cutting speed 
and depth of cut but with reduced feed, and in which the frictional 
temperatures produced were not so high. Also in these latter 


OF 
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differences in behavior under heat treatment and in physical prop- 
erties which probably are of importance under moderate working 
conditions, and might counterbalance slight advantages in pet 
formance. (Abstract of Technologic Paper of the Bureau of Stan 
ards, No. 228, e) 

SOLDERS FOR ALUMINUM. All metals or combinations of metal 
used for aluminum soldering are electrolytically electropositi 
to aluminum. A soldered joint is therefore rapidly attack: 
when exposed to moisture and disintegrated There is no sold 
for aluminum of which this is not true. 

Joints should therefore never be made by soldering unless the 
are to be protected against corrosion by 


a paint or varnish 
unless they are 


quite heavy, such as repairs in castings, wher 
corrosion and disintegration of the joint near the exposed surfa 
would be of little consequence, 

Solders are best applied without a flux or by using paraffin 
a flux, after preliminary cleaning and tinning of the surfaces 
be soldered. 
wide limits. 


The composition of the solder may be varied wit! 
It should consist of a tin base with addition of z 
or of both zine and aluminum, the chief function of which is 
produce a semi-fluid mixture within 
peratures, 


the range of soldering te: 


SUGGESTED RANGES OF COMPOSITION 


Tin-Zinc Solders: 
Tin remainder 
Zine, per cent 15-50 

Tin Zinc- Alun num Solders: 
Tin remainder 
Zine, per cent S-15 
Aluminum, per cent 12 


The higher the temperature at which the 
the better the adhesion of the tinned layer. 


“tinning™” is d 
By using the hig 
values of the recommended zine and aluminum percentages gi 
above, the solder will be too stiff at lower temperature to so 
readily and the workman will be obliged to use a 
perature, thus securing a better joint. A_ perfect union betw 
solder and aluminum is very difficult to obtain. 

The joint between previously tinned surfaces may be mad 
ordinary methods and with ordinary soft solder. Only the 
ning” mixture need be special for aluminum. 

There is no reason why a good solder for aluminum need 


higher te 


brittle as several commercial varieties are 
ble that it should be. 

The tensile strength of a good aluminum solder is about 
per sq. in.; those with higher tensile strength have, in ge 
their temperature of complete liquidation too high for soldering 
purposes. The strength of a joint depends upon the type 
upon the workmanship. Much dependence should not be p 
on the strength of a joint. (Circular of the Bureau 
no. 78, Mar. 20, 1923, 14 pp., 7 figs., dp 


» and it is very und 
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ot Stand 


Some Tests or SreeEL Wire Rore on Sueaves, Edward > 
man. Tests on wire ropes on sheaves, to devermine their str 
under static load, were made on sizes °/s, 3/4, 7/s, l and LU! 
diameter. They were all of 6-strand, 19-wire construction, 
from “plow” steel. 

It was found that the strength was less than that of the st: 
rope having socketed ends. Considering the strength of the st: 
rope as unity, the strength of °/s-in. rope on 10-in. sheavi 
87.4 per cent and on 18-in. sheaves 95.3 per cent, while | 
rope had a strength of 75.8 per cent on 10-in. sheaves and “4. 
per cent on 18-in. sheaves. 
values. 

Tensile tests of wires from the ropes showed that the wir ud 
the high strength of 230,000 Ib. per sq. in., an elongation of 2 Pp 
cent, and a reduction of area of about 46 per cent. The strength 
was practically the same for all series of the wires. 

The strength of the straight ropes followed closely the equation 


The other sizes had corresp: S 














tests the performance of the cobalt steels was better than that of S = 83,000 d?, in which S is the strength in pounds and ¢ the 

either the low- or high-tungsten steels. diameter of the rope in inches. lo 
6 Hardness determinations and examination of fractures indi- One worn rope which was tested showed a surprisingly high pro 

cate that the various types of commercial high-speed steel show strength when its condition is considered. cen 
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\ point of inflection in the load diagrams was found at from 
» to 65 per cent ol the ultimate load, above which the elongation 
creased rapidly 

\ wire rope under tensile load undergoes considerable elongation 

| reduction ol diameter The total elongation near the ultimate 


) 


about oo per cent atter re yy ated loads. 


lh modulu ol elastic itv ofl steel wire rope may be assumed Lo 


ibout 8.500.000 Ib per sq. in. for new rope loaded a number 


t? 


h its ultimate strength 


irae to one-i 
me conclusions are drawn upon the effect of heavy loads in 
eezing lubricant out of the core of the rope and the wear which 
Vs Abstract of Technologic Paper 


FUELS AND FIRING 








i} t Gore \ review 
iz the necessity of 
it ls An account Is 
y ( eriment Station uu 
dried, to determine 
unit pulverizers for 
ral heating stations, small power plants, laundries, ete., is 
ited and illustrations of several types adapted for this work 
resentcd. The expediency of upgrading lignite at the mine 
hing, followed by drying and removal of dust on impact 
is emphasized and shown to be an important factor in 
ig this fuel for both domestic and industrial purpose 
at the Mining Experiment Station of the 
» at Rapid ¢ ity, South Dakota, from thi 
st Mine, showed a B.t.u. content varying from 7312 as received 
744 on a dry basi It has a high water content and a ten- 
to break down into fine particles and even powder on air 
g. It is softer than any other type of coal. Its main im- 
is Water. 
regards burning lignite as dust, it is claimed that it is an 
ideal substance to start with as it pulverizes easily and is 
gli in volatile matter. It is interesting to note that as found 
tally by one investigator, lignite coal with as high as 17 
moisture Was readily pulverized and burned in dust form 
regards the cost of drying lignite at the mine, data are pre- 
from an estimate prepared by the Ruggles-Coles Engineer- 
g Co., who claim that the total cost per short ton of dry coal at 
ne is 25.5 cents 
of the features of the experiments made at the Mining 
hy ment Station was that after the furnaee had been br vught 


igh heat it was fed with undried lignite having a moisture 
of 31.93 per cent. 
] 


‘| he feed Was Increased to provide the 


juantity of actua combustible matter. The results were 
lactory that subsequ nt tests were made on the undried 
coal, with the exeeption of special tests or intervals of 
ere the highest possible temperature was sought. So far 
ithor is aware, this is the first record of burning in dust 


ide lignite slack containing the original moisture content 


irticle contains interesting data on the velocity of dust jet 

tion and, in particular, on the dust firing of wet lignite. 

wk Hills Engineer, vol. 11, no. 2, pp. 85-126, 24 figs., epA 

> NG ANTHRACITE CULM AND GasHouse Tar, Joseph Har- 

ringt Mem. A.S.M.E. Description of the installation at the 

the Consolidated Gas and Electrie Co., Long Branch, 

x burning a mixture of anthracite culm and liquid tar 

producers on foreed-draft chain-grate stokers without 
ification of the furnaces. 

I irnace had a total furnace volume of 7. 


cu. ft. per sq. 
ate area, and 0.25 cu. ft. per sq. ft. of heating surface. 


of conventional design, and with bituminous coal was 


‘ 


sm s and admitted of ratings up to 250 per cent without 
dest live temeratures. 

I iaterial used accumulated as waste in such quantities as 
to become a nuisance. With the installation described here it 
Proved to be feasible to use it as a fuel with loads up to 225 per 
Cent 


rating, it being possible even with this fuel to carry the 
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loads well over the peak and still have a fair margin to spare 
The material initially had the appearance oO! a load of isp! alt 


and sand such as is used for the surfacing of macadam roadway 


Stepping on this material would pack it into a soggy mass, and 
precautions had to be taken to prevent such consolidation 

Ready surface ignition was anticipated, but what would | ye 
thereafter could not be predicted. It \ feared that the tar 
ould be driven d hy the heat of the fire into a re liquid 
tate and render the lower lavers of the fuel d e that no 
ir could pa ip This proved, hows t ev 
\ stron pressure \ maintained in the f nt ¢ partment I 
the purpose of ing a uch ten ly ppare 
ue ince the mixture ignited wit! right up to th 
gate and combustion proceeded with great density until the fue 
had progressed approximately one-half the length of the grat 
\t ft point ay rently all e tar was ned ou eaving 
porous bed « ( racite iform texture whi burned 
much as any anthracite fire bur In other words, there were 
short tongues of fl ( ting up through the el, a Ue 
tral irent 1 Te os i ( ll ce burning to a te 
CO. product the er part of the race Smokeles l 
lion re | lia d in due « uurse the anthracite culm ha l a 
down to a perfect a 

Draft in if i! act ~ intamed as li i i oOint 
neutrality he pressures stoker compartme! f 
mn this inst ce there ( yur were mal ined much as usu 


compartment under full pressure, which, in this instance, averaged 
about two inches. The second compartment, where the mo 
ictive combustion took place, was maintained under high pressur 
Ithough lightly less degree, and the third compartment stepped 
down to perhaps half an inch. The fourth « partment was 
cut down sometimes to zero, and sometimes to a quarter of an inch 


according to the appearance OI disappearance ol tuel over the 
compartment. (Power, vol. 57, no. 14, Apr. 3, 1923, pp. 523-524 


»o hgs 


HANDLING OF MATERIALS 


Coat HANDLING BY SUCTION AT THE BRIMSDOWN POWER STATION 
OF THE NORTH METROPOLITAN ELECTRIC POWER Supply COMPANY. 
The pneumatic system described is designed to perform three 
distinct handling operations by means of the one receiver and 
vacuum pump 
Coal can be discharged from barges lying in an arm of the canal 
alongside the station at the rate of 50 tons per hour, or, by means 
of a simple linking up of piping, can be taken from the dumps and 
conveyed to the bunkers. Further, provision has been made 
for withdrawing coal from a hopper below a railway track, and 
this will be put into operation as soon as the siding is completed 

The greatest distance which the coal is taken by the pneumatic 
plant from the dumps to the coal bunkers is approximately 350 ft 
and from the canal arm to the nearest point of the bunkers is 
115 ft The fuel dealt with is usually washed small coal up to 
1'/, in., but at times rough slack is also handled. 

The coal lifted by the intake pipes 1s delivered into a receiver 
which discharges through an oscillating tippler to an automatic 
weigher, whence the coal is delivered to the belt conveyor arranged 
with a traveling throw-off carriage for feeding the overhead bunkers 
The air irom the receiver passes through a high-vacuum-type 


textile-sleeve suction filter which collects the dust, after which the 


air is run direct into the pump 
The article describes the 


installation in considerable detail 
The pump is of a design (Simon) in which the valves are situated 
around the outside of the cylinder head, the cylinder being divided 
into two parts, the inner liner and the outer casing, one side of 
which is used for exhaust and the other for suction. The piston 
is fitted with rings having a special system of dry lubrication which 
has been found most suitable for this class of work; all of che moving 
parts of the pump are fitted with sight-feed lubricators. 

In a recent test of the plant the average capacity during barge 
discharging, including all trimmings, was over 50 tons per hour, 
with a maximum rate of 56 tons per hour. (/ren and Coal Trades 
Review vol. 106, no. 2873, Mar. 23, 123, pp. 426-427, 5 figs. d) 
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INTERNAL-COMBUSTION ENGINEERING whether for trucks having those of the regulation pattern for pass 


, , ger cars or merely bolts as in the diamond type of freight tru: 
INTERNAL-COMBUSTION ENGINEERING CHARACTERISTICS OF THE 


VerticaL Eigut, P. M. Heldt. New developments in eight-in- 
line engines probably will take place in the United States within 


Its interior, however, is bored to a circular form to meet the 1 
quirements of the roller bearing. Like the axle it is provided wit 


} Tl | li = it] icul a raceway in the form of an outer bushing D, which is of the san 
a tew months. ie author discusses this type with articular _- ee 
csi — :, Pr yp , poo ‘ material as that used on the axle; and is ground and polished ( 


reteren 


‘e to questions of torque, balance, and crankshaft design. 
As regard the latter, the author indicates two basic rules for 
the design of crankshafts for eight-cvlinder vertical engines and 


both surfaces and pressed into place with a pressure of 12 tor 
It is between these two bushings that the rollers EF work. The 


? , : : ; rollers are held in the cage F which is formed of three rings hi 
works out a number of designs that will give equally spaced eX- a" ; . . ' a ‘ 1] | ) 
; ae 7" le to the a together by the spacing rivets G. These rivets, like the roll 
SIONS § nor r COl 4 he eds ti » GISCUSSIO . . . | , 
plosion ind no rocking couple, ane { en proceec >the aisecu on are staggered in the two sections of the cage, as will be clearly s 


if the various designs from the point of view of ease of manufacture. — . Sor 
a . ; ae ie ae ' % ee sei a ea in the reproduction of the photograph ot this part assem 
He shows mathematically that in a straight-line eight-cylinder — , : ' 2 md ' 
1 . F } rr rhe roll rs themsetves are held nm place on 60-deg eentel 

engine the inertia torces are balanced out, Therefore, as far as ' | 4 - 4 
. ; ‘ ee trunnions Which set into corresponding 70-leg. centers ¢ 
balance of the reciprocating parts is concerned the eight-cylinder fa ¥ Pay 

, : aos iy, ends of the roller Chis allows a clearance of 10 deg. for lubi 
vertical engine is equal to the six-cylinder vertical and twelve- . ' P era 

| tion and also prevents any friction between the trunnio md 


evlinder V-type, and superior to the eight-cylinder V-engine 


~ pa counterbore in the ends of the rollers, which latter 
Lulomotive Industries, vol. 48, no. 15, Apr. 12, 1928, pp. 817-820, 


The remaining part of the rollers is solid 


10 figs., cg The end thrust is taken by two plates 7 and J with the r 
K between then The plate H is provided with dowel 

MACHINE PARTS fit into the axle by which the two are made to turn toge' 
The inner thrust bearing plate H is held in plac v the ad 

Roller Bearings on Railroad Cars nut B which is screwed tizhtly against it. The outer thr 
Tue Srarrorp Rotter Bearinc ror Ramway Cars. De- ing plate J is held in place by the inside diameter 

scription of a bearing which has been in successful operation for — box, into which it Is fitted, there being a clearance betwee 

a number of months on several cars of the Michigan Central Rail- the adjusting screw on the inside. It I) is held up 

road. It has been applied in a six-wheeled truck running under = T° lers K by an inwardly projecting ring cast solid 

an American Railway Express car and alse to an 80,000-lb.-capacity = cover L. This journal-box cover is so acjusted tl 

box car and a flat and gondola car of the same capacity. It is which it exerts through the outer thrust bearing plate ag 
the end-thrust bearing rollers is neither too heavy 


In short, these parts are so manufactured that the pre 





the thrust-bearing assembly or parts is neither tr 
he 
) The adjusting nut B is locked by the locking bar 


in the slot in the nut that can be seen in the reprodu 
phot wraph, and in a corresponding lot in 
The locking bar is itself held in place by two tap bol 
screwed in to the adjusting nut and are prevented from 
by running a wire through small holes in their heads and tying 1 
together. (Railway and Locomotive Engines 1, vol. 36 


Apr., 1923, pp. 102-104, 4 figs., d 






























| if | THe Process or GEAR GRINDING AND A Discusston oF 1 
———— | Ye Form. Glenn Muffly. The author claims that ground 
WU S are more durable, probably because they cause less vib 
LILLIA LL LAG y ) He also contends that grinding is justified on the cost basis bi 
ks fewer tear-downs are required and no finishing cut need t S 
Fig. 2. Verticat Section oF Srarrorp RoLier BEARING taken in machining. 

According to the author, it is now possib.e to make gea 
stated that these cars traveled a total of 8375 miles after the bear- so accurate that it is necessary to consider the deflections 
ings had been applied. Practically no repairs had to be made load and so form the tooth as to compensate for even this 
to any of these bearings. deflection if the maximum silence is to be aesired. He al 

The principal claim made for the bearing is the great reduction attention to the need for accuracy from tooth to toot! 
in resistance effected by its use. While no dynamometer tests of having each tooth identical in size and contour. Ther 


have yet been made with cars equipped with this bearing, there possibility of gears being accurate when measured for 

is one rough test that may be used to obtain an approximate idea one-half the circumference of the gear, but when the m« 

of its possibilities. The flat car already alluded to was loaded ments from tooth to tooth are considered, ihe gear is so 

with axles until the gross weight amounted to 122,600 Ib. and one very inaccurate. This would result in a noisy installation, althoug 





man was able to push this car on a level track. by some methods of checking the gears would appear t« ME 
The construction of the bearing in its essential parts is shown in — ceptionally good. oF 
Fig. 2. Essentially it consists of a set of horizontal rollers held Looking ahead at the possibilities which may be realized | - 
in a cage to take the vertical load and another set held in another gear grinding, the author points out that if real quietne ' 
cage to take the end thrust of the axle. secured, in the transmission gears, for instance, there - 
The axle is turned with the ordinary dust-guard seat and journal be a tendency toward overgeared four-speed gear sets 
bearing, the latter having a very generous fillet at the inner end. _ traffic conditions as they now exist in large cities there ' 
At the outer end, however, instead of the usual collar there is a gear changing, and if quiet gears can be secured it will be | + 
projection A, which is threaded to take the adjusting nut B. In to narrow the engine speed range and consequently inere t x 
distinction from other roller bearings that have been tried, the economy of the vehicle. He cites the Citroén car whicl ‘ 
turned surface of the axle journal is not used as a raceway for the four-speed gear box is reported to have obtained mileages - An | 
rollers, but is protected by an inner bushing C which is made of as 40 per gal. ; 
high-carbon, high-chrome special roller-bearing steel which is Another possible effect of accurately ground gears is th e 
ground and polished on both sides and then pressed on to the from helical to straight-tooth spur gears for timing purpos' “ie 
journal with a pressure of 4 tons. The grinding time per tooth can be very quickly calculateé of ¢] 


The journal box is made to fit the ordinary truck pedestals, As an example, on a 15-tooth gear taking one cut per to 
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Experimental Machine Building 
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eC averages 14.4 see per tooth: on a 21 toot} gear, UO ser 
lon a 29-tooth gear, 8.4 se These figures refer to 6-S pitch 
iTS 
The grinding proce employed is a wet grinding, hence tl 
t generated does not draw the gear material 
In the case of one type of gear set it has been found that afte 
S850 teeth had been ground on both sides, with two euts to each 
the cost was $1.75 per gear set 
ikes little difference how close the center distar ure 
| thie haft mn be pal illel It n t | rem red 
ire } necessarily parallel ¢ 1 wi ed 
ent! ( h ¢ dj eXA thre il 
{ rrinding ter the rough cut t! ( 
trom O.002 to 0.005 in. on S-10 piteh gear 
it ad » grind both sides of the a if once 
{ , ee eae wll 
, imuy isl eg d g 
20 i Pape 1) ~ ait 
t | \ 1923 \ ed rou 
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| \) lo, 192 p. O74 
Worm GEARING, Arnold A. Arnold. The aut] 
| irlou rmulsa r the power which worm and 
el ( Y Will ra it, and in this « nes 1 the 
derived 1 Bach and Roser’s experiments published 
t Ve her Ingenieure, Feb. 14, 1903: 
or! 1 (M ine Desig ol. J ind those in Oberg’s 
» d Wor Ci g 
I formula iuthor claim ire not quite suitable for 
ileulation ’ hey involve the use of logarithms. He 
gives four diagratr iowing the relation between the 
r transmitted, the pitch of the worm threads or worm- 
t the maximum permissible pitch-circle diameter of 
and the revolutions per minute of the worm, all these 
~ eing based on the formulas referred to above These 
f ipply only to single, double, treble and quadruple worm 
] 1 certain limits of re volutions. Vechanical World, 
: ISOO, Mar. 25, 1923, pp. IS4-LS6, 4 figs., g 
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Pictorial Assemblies 


BUILDING EXPERIMENTAL MACHINES, 


CosTs IN 
The 


d upon 


how tools 
(mong 
assemblies, 


second article of showing 
and the 
» article describes so-called pictorial 
y sketches in 


hat there can be no mistake 


a series, 
operation times set 
perspective which show the design 
it looks 
‘ticularly useful when it comes to assembly work, 


as to what 


ven in Fig. 3 which shows a unit assembly of a 
ol 
Kach sub-assembly is num- 
alls of it can be found under that number. Each 
blies may be represented by a special pictorial 


consists of seven sub-assemblies, one each 
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Such assembly drawi gs are valuable n that the ive littl 
room for error and make it possible for mechanics to assemble a 
machine without difficulty, even if they are not especially familiar 


with the machine Lone ( Vachi t, vol 5S, no. 14, 
1923. pp HOB 507. 
MANAGEMENT ENGINEERING (See Machine Shop 
METALLURGY (See Engineering Materials 


MOTOR-CAR ENGINEERING 
Combustion Engineering 


See also Internal- 


LARGE-SECTION TIRES ON PASSENGER Moror ( Het 
Chase. Important result ire expected from the «ae elopm 
of a so-called “balloon” tire, which is essentially a tire t une 


outside diameter as those in use at present but of much large 


section and fewer plies This is a nplished g mali 
rim diameter. For example, in place of a 33 by 5-in. S-ply cord 
tire on a 32 by 4'/2-in. rim 23 in. in diameter, is used a 34 by 7- 
1-ply tire on a 29 by 4'/o-in. rim 20 in. in diameter. Instead o 
& pressure ol 65 Ib. the new tire operates at 25 Ib. inflation pressurt 


said to be very re narkable In the first piace, 
ansmitted to ext 
The brakes become more effective, 


wet 


The results 
road inequalities are ti 


are 


nt than with 
ordinary tires. and slipping 
skidding There 
are not enough data available to show the comparative wearing 


qualities of the conventional type of cord tire and the newer type 


a far lesse 


and on pavements are largely eliminated. 
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which is also of cord construction. The use of the new-type cent as shown by tests made on the Cairo installation. the wat 

tire is claimed to result in saving in unsprung weight and, conse- in the boiler tube is capable of absorbing, roughly, 300 cal. | 

quently, in a secondary saving by way of lesser impact on the road hr. per sq. m. of mirror surface 

surface. On the other hand, 
The new large-section tires with their lower inflation pressure deg. 


absorb a much larger proportion of the shock due to the road 


if we assume that the water is heated to ) 
cent. in the solar receivers and reduced to SO deg. in 


self-vaporizers, the production of steam will equal 18 kg. per 





inequalities. There is less fatigue to the operator and also less 
vibration transmitted to the chassis, which makes the cars quieter 
in operation. It is claimed that the use of 


the maximum speed of the car and lowers its fuel consumption. 


new tires increases 


On the other hand, however, it is pointed out that when the car trated in Fig. 5, will therefore ——<———= 

is traveling at high speed there is an increased danger of accident comprise za . te 

due to blowout because of the thinner wall of the tire. 1 A sufficient number’ of ae i 
Among the disadvantages may be mentioned the necessity of | Berland solar receivers 

changing the design of the chassis, for approximately the same 2 One or more intermediary / T 

diameter of large-section tire will have less side clearance in re- reservoirs yy 


lation to body and chassis parts. In some cases this might re- 


m., equivalent to 3.18 i.hp., or 2.5 hp. on the turbine shaft, { 


uring the condenser The author further 


that the mirror surface would have to be IS sq. mm. pel hp 


at 25 deg. cent. 


The solar power plant illus- 


\) 
3 Asufficient number of self- c \} \ Kl 


=} 


quire a decrease in the width of the rear seat and a decrease in vaporizer steam generators = 
the width of the chassis at the front in order to enable the use of ! A water circulation pump ih M 
the same steering lock and to maintain the same turning radius and a vacuum pump \ 
It is said that a number of prominent car manufacturers are 5 A superheater, which is G+ J. Ao) 
said to be seriously considering the adoption of 34 by 7-In. or 32 DY essential for drying the steam - : > 4 
(-in. tires as standard equipment in the near future. and at the same time increasing tad, PE 
The article is accompanied by expressions of opinion from several its temperature and hence the : : 
ear and parts manufacturers, as well as from various tire com- Carnot efficiency. A superheat — ee 
panies who have been doing work along this line. (Automotive of 35 to 40 deg. cent. would 
Industries, vol. 48, no. 15, Apr. 12, 1923, pp. 812-816, dg 
POWER-PLANT ENGINEERING } bh A M 
Solar Power Plant—Design and Costs ) 
= ;, 7" 3 ih : zo 
THe BerLAND-CAUFOURIER SOLAR PoweER PL Lant, P. Caufour- { 
ier. There have been many attempts to utilize solar heat for - > 
power generation, of which the author mentions and briefly de- Z J 
scribes the Mouchot, Tellier, and Shuman projects, the last being , ; : xi 
the only one to be applied for actual work. (See Journal ’ ‘ 
A.S.M.E., vol. 37, 1915, p. 661.) ed 


The present installation is a combination of the Caufourier self- 


- ° . . . ; 5 R oO oO 0) ‘ ro > t Db t 

vaporizer for generation of steam from water at temperatures of Fic. 5 DiIaGRAM OF A SOLAR Pow = PLANT OF THE BERLAND-CAU! 

= poe a" on , YP! 

50 to 75 deg. cent. and the Berland system of mirrors. The Cau- 

fourier self-va yorizer Wes initially designed for UrpOses of ower Sud outh: S ce d'hiver winter solstice Feguin P eq 
ay , ‘ Saas > } | | Solstice d'ete immer solstice; Nord north; Recepieurs Berland Berl 

generation from natural hot waters and was described in MECHANI- 7 pt eae Re "ined eect ’ cae ae regent inant Pegg meme ol 

, a , . 7 : ; tufourter aufourie Ss vaporizer steam generator Sur iu fleur 

CAL ENGINEERING, vol. 43, no. é, March, 1921, pp. 200-201. heater; Pompe de circulation circulating pump; Condenseur conde 


The Berland solar receiver, as the apparatus is called, is shown 
in Fig. 4. It is a mirror shaped as a parabolic cylinder 
the mirrors in the Shuman Egyptian installation, yet differing 
therefrom in certain essential points. The axis instead of being 
horizontal is parallel to the axis of the earth and hence in the 
Sahara has an inclination of 25 to 30 deg. to the horizontal. Under 
these conditions the solar rays are normal to this axis at the equi- 
noctials and even at solstices their inclination does not exceed 23 
deg. The apparatus is therefore better capable of receiving the 
insolation (solar radiation) than if it had a horizontal axis, and 
furthermore the inclination to the horizontal natural 


similar to 


favors a 


appear to be sufficient. 
that will consume fuel 


6 A reciprocating steam engine, or still better, a steam tu 


7 A condenser with its auxiliary equipment. 
In the climate of southern Algeria the average time the | 
tion is capable of operating is 10 hr. per day, 330 to 340 d 


year, and it is proposed to use the power generated prima 


pumping water for irrigation purposes and also for get 
comparatively small amounts of power for lighting and in: 
power. 


This is the only part of the app 














circulation of the water. The angle of inclination of the solar rays In order to deliver power continuously it wili be neces 
remains constant throughout the day period, provided the mirror have a number of solar receivers approximately double th :, 
has a movement of uniform rotation, which may be automatic. of the evaporators, and an intermediary reservoir of suffici: 
To effect this the mirror is mounted in a series of large circular mensions and properly protected against heat losses. er 
tracks traveling on rollers, as shown in Fig. 4, where £ is the driving The condensers will use the irrigation water, and wher : 5 
gear, G the rollers, C the rolling track, M the parabolic metal not available shallow pools may be used. A fairly _ 
mirror, 7’ the boiler tube—which may be of copper or aluminum project of the application of this type of power plant | wt 
with a black exterior face, and V a glass sleeve. Theframesupport- worked out for the Touggourt oasis, which is of interest in hy 
ing the mirror is not shown. The boiler tube 7’ is enclosed in one demonstrates the conditions under which a power plant a 
or two glass cylinders, the purpose of which is to prevent dark character may pay. The Touggourt oasis has a popul 
heat radiating from the tube and thus to reduce the heat losses 12,000, and a flora comprising 350,000 palm trees. It was a 
therefrom. This particular feature was first proposed by Mouchot. irrigated by 200 artesian wells, which in 1861 had an out ye 
The air between these glass cylinders and the boiler tube is partly 1000 liters (265 gal.) per see. The boring of new wells, | v y ul 
exhausted in order to reduce convection losses. has depressed the subsoil water level and made it nec¢ : -s 

According to calculations made by the Swedish-scientist Svante go to much lower levels in order to obtain new sources ( Hb 
Arrhenius, 1 sq. m. (10.764 sq. ft.) of the great circle of the terres- and even these have been gradually failing. — 
trial sphere receives 25 calories of solar heat per minute. Taking The project calls for a solar power plant with a mirror «area 1A 
into account the inclination of the solar rays and atmospheric 2400 sq. m. (25,833 sq. ft.) giving an output of 100 kw. al consy 
absorption, 1 sq. m. of the mirror will receive from 8 to 9 cal. per insolation of 7 cal. per sq. m. (10.764 sq. ft.). The power outpt! “at 


min., and as the efficiency of the mirror is of the order of 60 per 


per year will be 300,000 kw-hr., consumed as follows: 





I 


} 
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In the power plant itself 





30,000 


ighting of villages 30,000 
mall industries 20,000 
Ice manufacture 10.000 


Irrigation pumping 


Is 


210.000 


Total kilowatt-hour 300,000 


estimated that the eost of construction will be 600,000 fr. 


£12,000) of which 150.000 fr. $10,500) will be for the mirror plant 


income and expenditures are estimated as follows 
litures (in fran 7 cents 
General expenses — 3 000 
Manage 15,000 
Personnel Electrician 9,000 
Four native workme! 7,000 
brication, waste, ete., 0.01 fr. per kw-hr 3,000 
Superheater service, 0.200 kg. (0.44 Ib.) of coal 
per kw-hr 20,000 
Maintenance and repairs 20,000 
\mortization at the rate of 6 per cent in 15 yr 60,000 
Interest, et« 115,000 
Total 252,000 
ghting, 30,000 kw-hr. at 1.50 fr 15,000 
Petty industries, 20.000 kw-hr. at 1.00 fr 20,000 
100 tons at YOO fr 20 000 
istilled water, 360 tons at 75 fr 27,000 
rigation pumping,' 200,000 kw-hr. at 0.70 fr 140,000 
Total 252,000 
he above plans no mention is made of the depreciation of 
tribution system, the item ‘“‘Interest’’ being sufficient to 
ire of this 
item “Distilled water” corresponds to a daily consumption of 
1M} iters (265 gal which is double the present consumption, 
s to be sold at a price of 0.075 fr. per liter as compared with 
esent price of 0.20 fr. Water from the wells contains too 
magnesia salts to be fit for drinking. (Génie Civil, vol. 82, 
1, Apr. 7, 1923, pp. 327-329, d 
Water-Tube Boiler Troubles 

CoNsTRUCTIONAL Derects in Water-TuBeE Borers, R. Schir- 

his paper calls attention to the fact that of later there have 

en increasingly frequent reports of trouble with water-tube 
in particular ruptures of the boiler walls, and that the 

Au if these troubles are not vet as clear as they should be. 

7 author believes that many of these accidents have been 
the constantly increasing specific loads imposed on the 
as a result of which the boiler parts do not take up the 
ipplied to them fast enough and distribute it uniformly 

which brings about stresses in the material. To this 
damage are particularly exposed boilers which have been 
I operated at comparatively light loads and from which a 
I gher output had been demanded later. In some cases, 
to obtain this higher output larger grates have been in- 

ta n the expectation that the boiler would deliver the greater 
is it had worked satisfactorily in the past. Of course 
not always happen. 

i onger, in a recent German publication, has called atten- 

I the fact that cracks in boilers operating in central stations 

particularly frequent in the header flanges and end plates of 

Nater-lube boilers. All conditions, however, go to show that it is 

it defective manufacture of the parts but the circumstances 

I th operation that are the cause of trouble. It is pointed out 

Particularly in this connection that such flange ruptures do not 

occur ‘ther boiler systems or in old water-tube boilers, possibly 

because these latter have operated at only a fraction of their present 

‘pecific loads. It would therefore appear that the accidents in 

Soler operation are due at least in part to the increasing loads 

whic} ive been demanded from boilers since the introduction 

ot the Stirling type of generator. There has been of late a sort 
competition between the Stirling and the straight-tube types 
of boiler, each attempting to surpass the other either in specific 
output or in the reduction of space for a given output. The Stir- 
Att 


COnsum pt 
nO menti 


8 mere 


} 


ion is called to the fact that in a previous paragraph the power 
ption for irrigation pumping is estimated at 210,000 kw-hr. and 
n made of distilled-water production, possibly because the latter 
t by-product. 
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ling type is well adapted for this kind of competition, whereas the 
straight-tube boiler 


rate without 


has been made to periorm al the enhanced 


i 


I 


a thorough alteration of its design, which is unfortu 


nate, because a straight-tube boiler appears to be un 
the rapid equalization of thermal 
the parts, As a result cages ol 
parts which can be directly ascribed to stresses of thermal origi 
It is stated in the report of H 
that the flange cracks 


uited by its 
construction tor expansion of 


there have been numerous break 
referred tO abx ve 
reach their greatest depth at t} e lowe t p art 


Schonger, 


of the end plate, and in extending toward the water line on bot! 
sides gradually lose in depth. The same thing has been observed 
on the lower drums of a large Stirling-type boiler. These drums, 
it may be stated, were in this instance made not of a single she 


plate but of three rings. 
Figs. 
two 


All such 


cul ved 


these lower drums 
short 
circulating in the direction indicated by the arrows. 


6 and 7 show boilers have 


boiler drums connected bv tubes the wate! 


It is usually 
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assumed that the total drum water content is free to circulate at 
a uniform rate and therefore that there 
lower drum. 


are no dead spaces In the 
While firing up this boiler, however, leaks appeared 
at the circular seams as soon as the temperature of the water in 
the upper drum approached the boiling point. When the steam 
pressure increased the water spurted through the seams in jets, 
the interesting part about it being that this occurred only on the 
lower part of the two lower drums, while the upper parts of the 
same drums have never shown anv lack of watertightness. More- 
over the leaks increased with the approach to the middle plane 
of the drums as shown diagrammatically in Fig. 
tirely at the level of the lower connecting tube. No matter how 
slowly and carefully the boiler was heated up, it proved to be im- 
possible to prevent these leaks, and even after the upper drum 
began to deliver steam, cold water could be obtained from the lower 
drum by opening the bottom cock. It was, however, possible to 
combat this source of trouble by letting off from time to time the 
water from the lower drums during the heating up of the boiler 
this operation being repeated until the water in the lower drum 
attained the 
whereupon the danger of leaks disappeared 
There is no doubt that these leaks are caused purely through 
thermal which in their turn 
water circulation in the lower drums. 
As shown in Fig. 8, there forms in the lower drum a dead layer 
of cold water at the level below the interconnecting tubes, while 
the water above this dead layer circulates with the rest of the 
boiler water. This results in the fact that the upper part of the 
shell of the lower boiler is heated up faster than the lower part, 


9, but ceased en- 


a temperature corresponding to steam pressure, 


stresses, are due to the imperfect 








S66 
and as the circular rivet seams are not strong enough to withstand 


the 
the It is only after all the cold water from the bottom of 
the lower drums has been drawn off through the eocks that the 


two parts of the shell become heated up uniformly and the irregular 


stresses created by this unequal expansion, leaks appear in 


drum. 


thermal expansions and consequent leaks disappear. 

It is permissible to assume that the rupture of a welded seam 
in the lower drum in another large Stirling-type boiler may have 
been due to the same cause. In this case it is well to avoid the 
use of welded circular seams, or at least when using them to employ 
reinforcing straps. 

From this the author proceeds to a discussion of straight-tube 
boiler troubles, which he believes may be likewise due to thermal 
stresses produced by unequal heating. In fact, he believes that 
the straight-tube boiler is exposed to this kind of trouble in an 
even than the Stirling Furthermore the 
lower half of the shell of the upper drum in the straight-tube boiler 
is exposed to additional stress due to the fact that the tube system 
expands to a greater degree than the boiler drum located above it 


greater degree type. 


If, therefore, the circular seams of the upper drum lying between 
the collars of the headers are strong enough to take up these ad- 
ditional the header covers or 
expanders will be frequently overstressed to such an 
to produce ruptures. These stresses applied initially to flanges 
are transmitted to the end plates with all the greater ease the 
Further- 


stresses, the flanges of connecting 


extent as 


nearer the latter are forced to the connector expanders. 
more, since the rear end plates are located closer to this critical 


connecting place the front end plates are more exposed to the 


successive stresses, which would explain the greatet 


frequency ot 
cracks and ruptures in these rear end plates. 
It would be natural to expect that damage of this kind would 
occur with particular frequency in boilers which are fired up often 
After a 
heat 
becomes ¢ qualized to such an extent that the stresses in the materia! 


rather than 1 boiler 


1 boilers operating continuously. 
has been operated for any length of time the throughout 
In central-station practice the boilers have to be cut 

with comparative frequency. Furthermore, 
ads have to be taken care of, extra boilers must be heated 


disappear. 

in and out 
high peak k 
up quite frequently and rapidly. 
in central stations are therefore such as to be particularly favorable 
On the other hand, of 
course, boilers should be adapted to take care of conditions in 
ceniral-station operation rather than that these latter 
suffer in their adaptation to boiler limitations. Boilers should he 
so built that even when fired up in a hurry the heat will distribute 


only 


when 
Conditions of boiler operation 
to the formation of cracks and ruptures. 
should 
itself throughout the boiler in as short a time as possil le, not 
uniformly but without the production of local stresses even when 


the load i: 
satisfied only by the establishment of 


1 


varied with great rapidity. This requirement can be 
a perfect water circulation 
of the entire water content, which is far from being the case with 
the present straight-tube 

From this point of view greater advance has been made in Stir- 


conventional construction of boilers. 
ling-type boilers and of late there has been an increasing tendency 
to provide large connections to the upper drums, the only limit 
Larger 
passages are also provided for the flow of steam between the upper 
drums. 

At the same time it should not be forgotten that all connections 
between the upper drums may result in hindering the water circu- 
ation, as improper dimensioning of such connecting elements may 
lead to violent variations of the water level, priming, ete. It is 
because of these difficulties that there is still considerable distrust 
in many circles with respect to the Stirling-type boiler. (Di 
Warme, vol. 46, no. 2, Jan. 12, 1923, pp. 15-18, 4 fig. p) 


to this tendency lying in the strength of the boiler shell. 


RAILROAD ENGINEERING (See also Machine Parts) 


New 4000-Hp. ELectric LocoMorTives FoR THE N. & W. Rat.- 
way, T. C. Wurtz. Description of the design of four locomotives 
recently ordered by the Norfolk & Western Railway, the particular 
points of interest being the design of the cab and drivers, and some 
of the electrical features. 

The new unit will consist of two cabs permanently connected 
to form a locomotive. The equipment in each cab will be identical 
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so that any two cabs can be coupled together back to back to for 
a locomotive unit. 

The cab structure is not supported by springs and sliding bi 
ings as formerly but is fastened rigidly to and is carried by 
These latter are 
nected by cross-ties which are also used to support the hea 


frames. massive vanadium-steel castings « 
pieces of electrical apparatus mounted in the cab. 

The four pairs of drivers on each cab are single-truck, the fort 
practice having been to have two trucks on two pairs of dr 
each connected by a Mallet hinge. 

As regards the electrical features, 


use 


the most interesting is 


The 


type of transformer has been almost universally used in- sit 


of an oil-insulated force-cooled transformet oil-insu 
phase european electrifications, but up to this time the 
the this 
Cooling of oil-insulated 


“air-! 


transformer standard in country in all trunk 
installations. the 
plished by means of pumping the oil through a 
radiator. 


The service to be performed by these | 


was 
transformer Is ace 
force-ventil 
womotives Is undaue 


ably the most severe to which anv electric locomotive has 

The traffie consists of 

of 4200 tons hauled up six miles of 2 per cent grade on a road 1 
} 


‘| he 


two locomotives is 


been subjected. heavy-tonnage coa 


speed of the train up 


. : 
Acceleration of these he: 


for its curves 


14 m.p.h. 


on a 2 per cent grade with reverse curves is part of the 1 
operation, and is accomplished with ease The performar 
this type of locomotive has been so remarkable that the oper 
officials of the railwav are enthusiastic in their praise and 
than satisfied with their operation, as shown by the re 
for four additional locomotives having 30 per cent greater 
1 those now in operation Ra my Revi vol. 72 


647 6H50. 4 figs 


1923, pp 


REFRIGERATION 
The Compression Refrigeration Cycle 


THe Compression REFRIGERATING CycLe, W. H 
based 
periments on ammonia and what may be termed good ope 


The 


the results of the recent Bureau of Standat 


upon 


practice author gives numerous interesting char 


for the first time from the Bureau of Standards tables 
from actual tests on a refrigerating machine The pape 
generally sultable for abstracting, but att tor ty 
the following 

In the original article a chart is given showing the value 
theoretical volumes of compressor piston displacement 
assumed conditions in the evaporator and condenser 
amount of ammonia evaporated per minute per ton of 1 
tion has been taken for standard condi : 0.442 II 

As regards volumetric efficiencies of a compre 4 
they appear to depend generally on a large numl ol 


vertical single-acting compressors in which 


However, in 
ance has been reduced to the minimum 
large area are used, the principal factor affecting the ef! 
of the evlinder is that of the superheating of the vy 
the stroke With the v 
due to the superheat of the Vapor during the 


‘pol g 


suction respect to olumetric ef 


suction stl 
is said that there are a number of factors which affect the 
magnitude of this efficiency. In consideration of this 

practically impossible to determine these efficiencies by 


ematical analysis, and they can be determined only by act 





on actual ammonia-compressor cylinders and should ther 
termed 

For the purpose of comparison and calculation in th 
the author has used tests made on actual ammonia-cot 
cylinders for the purpose of determining the relative ma 
of the efficiency due to superheating. Data taken from t 
authoritative tests were plotted on curves, from which, | 
of extension and extrapolation, the values of the volumetri: 
The \v " . aan 
the volumetric efficiencies due to superheating, as determi! — 
by this means for vertical single acting ammonia compres 
are shown in Fig. 10. These values are the volumetric efficiem 
with a factor of safety of approximately 10 per cent. As previow” a 





an operating characteristic ef the compressor « 





cies for the assumed conditions were obtained. 
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indicated, these may be termed volumetric efficiencies due to super- 
heating, due to the fact that a very large proportion of the loss 
ficiency is due to the superheating effect. The tests on the 

i il refrigerating machines were conducted by experts after 
ill parts of the system had been put into as nearly perfect mechan- 
ondition as possible, clearance reduced to the minimum, ete 
Therefore the values of the volumetric efficiencies may be taken 
resent primarily the effect of superheating. It is well to 
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that it is possible to obtain volumetric efficiencies which 


r than those shown by Fig. 10, but that these values may 
ed to represent good practice 

i Ti ithor next discusses the etiect ot clearance upon the volu- 
licieney of a compressor cylinder, which may be determined 
tically il the amount olf clearance is known, and gives a 








riageration per B.tu. in Coa 
0.6 07 08 0.9 0 
; 200 
i“ + Fn Inout Hp. x 42.44 
. 9 1 Eg= EFF of Retrig. System. } 
Ep= En x 006 | 
» 60 
9 
OverRALL Erricienctes oF REFRIGERATING PLANTS 
pas il ing the Value ol tactors determining this clearance. 
i modynamical expression for the volumetric efficiency 
rance [the formula is given in the original article] in- 
es 1 exponent n of the characteristie law of compression 
+ stant. This exponent varies within certain limits as 
< . Or por 1s not a perfect gas, but the latest data from the 
tu ol Standards on the properties of ammonia vapor seem to 
sors , that the average value of n may be taken to be 1.28, and 
cies all uses this value both to express the volumetric effi- 


ous} oe A to clearance and to determine the total efficiency due 
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to clearance. This latter, on the assumption that the clearance 


3 per cent of the cylinder volume, is found to be 92 


is 56 per cent 
or a given case 

The true volumetric efficiency of the compressor cylinder is a 
function of the product of the volumetric efficiency due to super- 
heating and that due to clearance. The mean effective pressure 
of ammonia in a compressor cylinder is also affected by the amount 
of clearance 

The second part ol the article is devoted to the subject of power 
and water requirements, and is accompanied by interesting charts. 

Among other things, the author establishes in the form of an 
equation the relationship between the gallons of water required 
per minute, the heat removed in the condenser, and the tem- 
perature range of water, and gives a chart showing the relative 
amount of water required in gallons per minute per ton of re- 
frigeration for rises of temperature of the water from 4 deg. to 
20 deg. for certain assumed operating conditions. 

The efficiency or coefficient of performance of refrigerating sys- 


tems is next discussed and expressed in several ways. The 


general 
conclusion at which the author arrives is that the smaller the 
temperature range the better the performance. In other words, 
a smaller amount of energy is required to cool a substance a few 
degrees than is required to cool a part of it through several degree 
such as one-tenth of the substance through ten times as many 
degrees. For standard conditions the overall efficiency on perform- 
ance is expressed as a formula. The ratio given may be termed 
B.t.u. of refrigeration per B.t.u. in the coal. In the original 
article such ratios of B.t.u. of refrigeration to B.t.u. in coal have 
been calculated for the assumed operating conditions and are 
shown in Fig. 11. Paper presented at the Annual Meeting of 
The American Society of Refrigerating Engineers, December, 1922, 
abstracted through Refrige rating Engineering, vol. 9, no. 9, March, 


- 


1923, pp. 267-274 and 279-280, 12 figs., pt 


Composition, PwRIFICATION, AND CERTAIN CONSTANTS 01 
Ammonia, E. C. McKelvy and C.8. Taylor. In this paper methods 
for the testing of commercial ammonia are described and applied 
to eight standard American brands and three brands of German 
origin. The results of these analyses indicate that most commer- 
cial ammonias contain less than 0.1 per cent of impurities. Pre- 
vious methods used for the preparation of pure samples are reviewed 
briefly. Apparatus used for fractional distillations at pressures 
greater and also less than atmospheric pressure are described 

Emphasis is placed upon the removal of non-condensing gases, 
and methods of removal and testing are described in detail, to- 
gether with a method for opening sealed glass containers and 
testing the contents for non-condensing Vases, 

Five methods for the preparation of samples are described in 
detail and the physical measurements made upon each sample 
indicated. The different preparations are tabulated, together 
with the analyses and uses. 

Ammonia has been | 
known test indicated, no organic impurities, less than 1 part in 
1,000,000, by volume, of non-condensing gases, and less than 


1 


0.003 per cent. by weight. of water. 


1 prepared which contained, as far as any 


The following physical properties of pure ammonia were de- 
termined: The density of the solid, 0.817 gram per cu. cm. at 
79 deg. cent. and 0.836 gram per cu. em. at 185 deg. cent 


the freezing point, 77.70 deg. cent., and the vapor pressure at 


that temperature, 15.2 mm. of mercury. Scientific Pape of ine 


B ireau of Standard ae, 165. Mar. te 1923. pp 655 HO3. in) nes... ¢ 
SPECIAL MACHINERY (See Engineering Materials 


SPECIAL PROCESSES (See Engineering Materials 


CLASSIFICATION OF ARTICLES 


Articles appearing in the Survey are classified as c comparative; 
d descriptive; ¢ experimental; g general, A historical; m mathe- 
matical; P practical; s statistical; ¢ theoretical. Articles of especial 
merit are rated A by the reviewer. Opinions expressed are those 
of the reviewer, not of the Society. 
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Proposed Code tor Care of Power Boilers 
Preliminary Report of Sub-Committee of A.S.M.E. Boiler Code Committee on Rules for Care of Steam 
Boilers and Other Pressure Vessels in Service 


HIS Report of the Sub-Committee of the Boiler Code Com- 
mittee on Code for the ¢ 
only and will be proposed for discussion at the Spring Meet- 

ing of the Society at Montreal, Que. 
The work of this Sub-Committee of the A.S.M.E. Boiler Code 
Committee has been actively pushed forward during the past vear 


‘are of Power Boilers is suggestive 


and its report 1s here presented lor public discussion. 
is intended to form a section of the A.S.M.E. 
Committee which was appointed in 1922 to consummate this work 


This report 
Soller ( ‘ode, the Sub- 


being as follows: 


F. M. Grason, Chairman W. H. 
ki. G. BAILey J. &. 
W. G. DIMAN 
J. R. Gui 
J. W. Hays 
S. F. JETER 


LARKIN, JR. 
; SCHUMAKER 
H. Fk. Scori 

N. STAHL 

J. Wourt 


It is the request of the Committee th: 
be fully 
to suggest changes before the rules 


it these proposed rules 
and freely discussed so that it may be possible for any one 
are brought to final form and 
presented to the Couneil for approval. should be 
mailed to C. W. Obert, Secretary of the Boiler Code Committee, 
29 West 39th St., New York, N. Y., in order that they 
considered by the Boiler Code Committee. 


Discussions 


may be 


A.S.M.E. BOILER CODE 


Report on Rules for Care of Steam Boilers in Service 


POWER BOILERS 


These Rules apply only to steam boilers constructed in complhance 
with Part 1, Section 1, of the A.S.M.E. Boiler Code and for opera- 
tion at a steam pressure exceeding 15 lb. per sq. in. above atmos- 
pheric pressure. These rules do not apply to boilers which are 
subject to federal inspection and control, including marine boilers, 
boilers of steam locomotives and other self-propelled railroad 
apparatus. 


INDEX 


RULES FOR THE PREVENTION OF DIRECT CAUSES OF BOILER FAILURES 
Overpressure. 

Indicators steam gages; 

Relief Equipment—Safety valves; 
systems of different pressures 

Feedwater Control—Pump regulators; feedwater regulators 

Excessive Combustion—Damper regulators; fuel-supply regulators 

Operation— Manipulation of valves 

Weakening of Structure. 

Overheating—Lack of water supply; fouled heating surface 
combustion; secondary combustion and flaming through; localized 
heating; damper regulation; insulation 

Internal Corrosion—General; feedwater; boiler out of service 

External Corrosion—Leaks; boiler out of service: electrolysis 

Erosion 

Stresses other than Internal Pressure—Boiler supports; 
supports of equipment or other structures; 
pipe supports; 
blow-off lines 

Molecular Changes 

Mechanical Injuries 
repairs 


water glasses and gage cocks 
intercommunicating valves betwee 


eXcesslve 


pipe-line supports 


supporting columns between settings; supports of 


Tube cleaning or sealing: loose 


RULES FOR INSPECTIONS 


Preliminary 

External Inspection 

Furnace and Parts Exposed to Fire 
Internal Inspection 

Appurtenances 

Care and Management 


safety-valve escape 


connections; 








RULES FOR ROUTINE OPERATION 


Putting Boil i 
Firing Boiler Uniform firing: cleaning fire manking fire 
Handling Boilers in Service—Wa 


} 
boiler 


In Service Getting up steur euttir 


feedwater treatment; blowing off; leak 
soot and ashes 
Care of Appl 
Handling Boilers 


} 


mnces satetyv valve steam pre ire page water 


hut of Service Cutting out: co ne off 


OVERPRESSURI 


INDICATORS 


('-] Steam Gages Steam gages shall be placed whi 


will be free where they can be conve 


from vibration and 
adjusted, 


They shall be so placed that they 
to a temperature ol less than 40 deg. fahr. on 


will not be sub 


more than 150 


fahr Thev shall be of sueh size and so proportioned and 


that the position of the pointer and the graduations can be 
determined by a person with normal vision standing on the ope 
floor at any point within a radius of one and one-half ti 


width of the boiler setting measured from the center of the 


front im gages on all boilers, where set in batter 


ste: 


practically the same in size and graduation of face 


("-?. Steam well lighted at all times 


FALCS shall be 


natural light is used the gage shall be so placed tha 
light will not cause a reflection upon the glass cover thus 
the dial when viewed from the most desirable points of ol 
When artificial light is used the light shall fall dir 
Whatever form of light is used, no 


fall directly into the eves of the ope rators when looking at t g 


lace ol the gage 


from the most desirable points of observation. 
C-3. Where steam gages are 

tion shall be 

in the gage connections. Where steam gages are place d higl 

the operating floor, they shall be tilted forward at a sufficient ang 

not to exceed 30 deg. with the vertical 

the dial graduations. 


installed with waterl g. Col 


+} 


made in the gage to neutralize the effect of 1 


to permit a prope! 


(-4. Piping for steam gages shall be as short as practic 
shall be free from pockets and air traps When the polyp 
longer than 10 ft., the pipe size shall not be less than *) 5 in 


pipe size. 

C-5. A steam gage shall be considered tested when it | 
compared and made to agree with a test gage or dead-weig 
ng device, unless compensation for waterleg has been 1 


which case an equivalent allowance shall be made in the re - 


The test gag 


the test gage or dead-weight testing device 


es 
reliable gage that is used exclusively for testing gages 
and one that is tested and maintained in agreement wit 
weight testing device 

C-. Boiler gages shall be tested frequently, at times of « 
inspection, when boiler is placed in service, and when safet 
is operating and the pressure indicated by the steam gags 
agreement with the pressure at which the safety valve 
open. 

C-7. A master gage 
header indicating the composite boiler pressure of the whel 


; , 
is an auNiliary gage attached to 


it is used in the general operation of the plant mainly as a! 
tested at least evi 
months and more frequently when trouble is experiet 


Master gages shall be 


convenience. 
boiler compounds, foaming, priming and other feedwater 
that are apt to cause choking of the gage piping. 

C-8. All steam gages shall be within two per cent ol 


he pressu 


the range between the working pressure and t 
opening of the safety valve. 
C-9. Before a steam gage is tested, it shall be discon 


the gage union while the piping, 





cock and siphon are being 


30S 
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} 


owing through \ tee with a plug shall be placed between 


iphon and the gage lor the purpose of connecting the test gage 


+} 


=| 


i 


( 


all be taken not to admit steam directly mito the gage, mak- 


" 
at all times that the siphon is filled with water. In open- 


connection to the gage, the operator shall open the cock 


while holding one hand on the siphon until the gage indicates 


Hel 


pr 


essure: if the temperature of the siphon indicates that 


instead of \\ iter is entering the gage, the cor k shall be closed 
<ufhie 


ient amount of water has accumulated in the piping 

yen laying up a boiler, particularly in freezing tem- 
gage connection shall be drained and the gage shall 

ted and stored away in a non-freezing room 

] ] 


e dial and glass cover of steam gages shall be kept 
by 


imes. The glass cover joint shall be tight and, when- 


iss is broken, it shall be replaced as soon as possible 
Wate (; r and Gage Cock The valves and con- 
etween the boiler and water column shall be kept free 
ind shall be tested by blowing down the water colum1 
return of water in the glass, and trying the gage cocks 
of the water They shall be tested by the responsible 
the reli gy shift before the relieved shift has gone 
ilso after replacing or cleaning the water glass and when 
put in servic 
f is mv 1 per or group ¢ ers vho relieve a 
group of pers in rotation in standing watch or operat 
im generating plant for an allotted time It is svnony- 
h wate gil, or tour of d 
The water glasses and their connect ill | ept 
Lert i Literati - i Wihg flow « Water trom 
(y het Vet 1 { wate! viliss mda =the PMOLle Tl tig ( | icit 
Phi { dl the discharge pipes from the water 
ter glass¢ il gage cock =! ill be kept oper ind either 
rin hearing the operator while blowing down 
The water glasses shall be so lighted that the level of the 
the gla in be readily seen from the most desirable 
bys tion and the light shall be so shaded that it will 
directly into the eve thre perator when looku gat the 


inner and outer surfaces of the water glass shall be 


Om deposits ol dirt and the eonnections of thre water 


be so arranged that the inner surface of the glass can be 
forcing through the glass a piece of cloth, free from lint 
wound about a smooth piece of wood. Types of gag 

d guards which prevent the free observation of the glass 
he used 

Wher iutomath bial for indicating extreme low 

el or extreme high water level are used, they shall at all 


pt in good working order but shall not be depended upo 


Hing a propel level of water in the glass When an auto- 


m sounds and the level of the water is not visible ir 


he operator shall test the trv cocks to determine the 


before manipulating the feed water valves 
hle Plug Flusible plugs, if used, shall be kept 
tion and shall not be used for more than one year as 


, 


or in Par. 428 of the Rules for the Construction of Power 


When tiv boiler is open, the exposed suriaces ol the 


tM scraped clean and bright and the surface 


er near the plugs shall b scraped clean If the fusibl 


not appear sound, the plug shall be renewed. If used 


efilled, all of the old filling shall be removed, the surfaces 


seraped bright and properly tinned and the plug filled 


tin as specified in Par. 428 of the Rules for the Construc- 


So 


I 


i 


wer Boilers. Fusible plugs shall not be refilled with 


RELIEF EQuiIPpMEN' 


ifety Valve All safety valves shall be kept clean and 
order. 
‘he capacity of safety valves shall be calculated, as 


rin Pars. 269-290 (inclusive) of the Rules for the 


on of Power Boilers, under the following conditions and 


v a larger safety valve installed; when the allowable 
ressure of a boiler has been reduced, when a boiler is 
vith increased stoker capacity or when a change in fuel 
reased combustion. 


(-20, Whenever the stipulated blowing pressure of a safety 
valve is 10 per cent higher or lower than the pressure for which 
the spring of the valve is designed, the safety valve shall be equipped 
with a new spring complying with the requirements given in Pat 
269-290 (inclusive) of the Rules for the Construction of Power 


Boilers 


('-?] When a ifetv val e spring has weakened and has beet 
further compressed to secure the stipulated blowing pressure, an 
examination of the spring shall be made in order to u ire 
compliance with the rules given in Pars. 281, 282 and 2S4 of the 


Rules for the Construction of Power Boilers 


, 
( Where b ers are set in batter ind erat y i ( 

the same working pressure and some of the boilers have allowabl 

, 1 1 ’ , , 
working pressures greater tl in other all sarety Live ill be se 
to blow off at a pre ire not in excess OI tha illowed oO! ‘ enke 


( Safet shall be tested at least 
gently raising the valve off the seat by hand and, when practi 
shall be tested dai | raising the steam pressure to the | Ving 
rressure of the safet ilve Small chains or wires attached t 
the levers of pop safety valves and extended over pull 
parts of the boiler room may be used 

( Wher aA sarets \ alve stich oO! perate T 
stipulated blowing pressure 0 attempt sha ( ule » free it 
! striking the bod r oth parts f Li VE t the | f 

ill be taken out of set e and the et ilve « ined 

( The safety e, wh blowing all be ( ad aga 
the boiler gage and when the pressure noted on the ler gage 

iries more than 5 Ib. from the stipulated wing p re, t 
boiler gage shall be tested and 1 Ind correct t ( 

ilve shall be corrected 

( f Phe etting and ad ting ol et cs i ( 
| 1 competent pers When safet ilves are sé ljust 
the lev f the w e boiler shall not be a y 
gage coct 

( | ler 1 ire that the freed the spring is in 
comp e with the R given in Pars. 282 and 2S4 e Rules 

r the Constructior Power Boilers, it shall be tested whenevet 
the e spring is adjusted 

(-28. After a hvdrostatie test has bee ide, special car¢ 
shall be taken to see that the satet val el mediate restored 
to its proper operating condition 

( , Leaking iret \ ilves shal ( » a ¢ replaced as 
SO is discovered 

( Care ill be exercised prevent tl iccu if of 
dirt. scale or other foreign matter between the coils of e spring 

C- The discharge from the open end of ve pipes 
shall be unobstructed and practical the boiler house 
within hearing of the operator 

( All suppor nd anchors that are attached to t SCApK 
pipe, shall be tested every six mont! inc e proper t 
maintamed 

( ) hese iy pipe irall aa | iM Nall Cul nt} itidi ( 
escape pipes sha ve disconnected once a vear in order that 
drain mav be kept free and clear at all times 

(-34. Intercommunicating Valves Between Systen Different 

Pres ( Where intercommunicating svstems of different steam 


pressures are installed with boilers on each system, the boilers on 


the low-pressure systems shall be equipped with non-return check 
valves. All low-pressure headers and their outlets shall be pro- 
tected bv a relief valve or valves whose combined capacity shall 
be equivalent to the total amount of steam that can pass Irom the 
higher-pressure system into the lower pressure system. Where a 
reducing valve Is used, a hand valve shall be installed Also rs 
steam gage shall be installed at a convenient point Lor the guidance 
of a person when operating the hand valve in lieu of the reducing 
valve. 

C-35. Whenever the total amount of steam that can pass from 
a higher-pressure system into a lower-pressure system has been 
increased, the relief-valve capacity shall be increased an equivalent 
amount in accordance with Par. C-34. 


FEEDWATER CONTROL 


C-36. Pump Regulators. Feed-pump pressure regulators shall 
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be maintained in good condition and shall be frequently tested 
under closed discharge. When duplicate pump is not installed 
the pressure regulator shall be by-passed. 

C-37. When feedwater pressure increases above normal, the 
feed lines shall be examined for possible choking due to seale or 
other causes. 

C38. Feedwate r Regulators. 
used they shall be by-passed and shall be kept in good working 
condition, but shall not be depended upon to maintain a proper 
level of water in the boiler. 


Where feedwater regulators are 


EXCESSIVE COMBUSTION 


C-39. Damper. Damper regulators and draft-control devices 
shall be kept in good working condition and shall be so installed 
that any failure of or accident to the mechanism of the damper 
will cause the damper to open and not to close. 

C-40. Fuel Supply. Fuel-supply regulators shall be kept in 
good working condition and shall be so installed that any failure 
of or aecident to the mechanism of the regulator will shut off the 
supply of fuel to the boiler and, once having shut off the supply of 
fuel, will not automatically resume the supply of fuel. 


OPERATION 


C-41. Manipulation of Valves. When cutting in a boiler, the 
stop valve shall be opened slowly to avoid water hammer and, 
where non-return check valve or stop and check valve is not in- 
stalled, it shall be opened only when the pressure in the boiler is 
exactly the same as the pressure in the main boiler header. Where 
a non-return check valve or stop and check valve, as the case may 
be, is installed, it shall always be used automatically for cutting 
in and cutting out of the boilers; the main stop valve, in cutting 
in a boiler, shall be opened when the pressure on the boiler is 
still 10 or 15 lb. less than that on the main and, in cutting 
out the boiler, the main stop valve shall not be closed until after 
the non-return check valve has closed. Care shall be taken to 
drain the piping between the main stop and non-return check 
valves before cutting in the boiler. 

WEAKENING OF STRUCTURE 
OVERHEATING 

C-42. Lack of Water Supply. Special and constant care shall 
be exercised to maintain a proper and uniform water level in the 
water gage glass and to provide a continuous rather than inter- 
mittent supply of water to the boiler. 

C-43. The water tender or any operator responsible for main- 
taining water in the boiler shall not permit any inattention, other 
duties or reliance upon automatic devices to interfere with the 
performance of his duty in preventing low water level in the boiler. 

'-44. Where practicable, a duplicate source of supply of feed- 
water, pump or injector and piping systems to the boilers shall be 
installed. Where two systems of piping to the boilers are used, 
it is recommended that the two systems enter the boiler at different 


points. Feed pumps and injectors shall be maintained in good 
condition. 
C-45. Leaks in the feed discharge line or elsewhere shall be 


stopped as soon as possible. 

C-46. Sufficient water shall be maintained in feedwater tanks 
to prevent loss of suction in the feed pumps and, where hot water is 
fed to or allowed to splash in feedwater tanks, sufficient water 
shall be maintained in the tank to prevent entrainment of vapors. 


C-47. Feed lines shall be free from objectionable vibration due 
to feed pump. 
C-48. Where electrically driven feed pumps are used, there 


shall be maintained, ready for service, steam-driven feed pumps 
of sufficient capacity to safeguard the boilers in case of failure 
of electric power. 

C-49. Restricted areas in feed lines, such as meter tubes, orifice 
plates, ete., shall have a by-pass equivalent in size to the pipe line. 

C-50. Where economizers are installed in the feed line, they 
shall have a by-pass equivalent in size to pipe lines. 

C-51. All feedwater tanks shall be cleaned out frequently to 
prevent the accumulation of objectionable sediment. 

C-52. When feedwater tanks are installed, and the water level 
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cannot be observed easily by the water tender, suitable water-g! 
or water-level indicators shall be installed. 

C-53. Frequent inspections shall be made to detect scale 
defective check valves in the feed line. 

C-54. Feedwater regulators or other automatic devices 
be maintained in good working order. 

C-55. If difficulty is experienced in maintaining the pr 
water level, the combustion shall be checked and the draft dam) 
and ashpit doors closed until the cause is discovered and corre: 

C-56. If the level of the water is not visible in the water ¢ 
the gage cocks shall be tested to ascertain whether the level o! 
water is above or below the water glass. If the level is below 
water glass, the supply of fuel and air shall be stopped and 
dampers and ashpit doors closed. The feedwater valve sha 
closed and under no circumstances shall any attempt be mad 
admit water to the boiler. The fire shall be hauled or in ea 
stokers or chain grates, the grates shall be kept in motion and 
fire doors shall be left open. Water from fire or other hos 
not be thrown upon the fire. The safety valve shall not be op 
steam outlet valves shall not be changed nor shall any chang 
made that will cause a sudden change in the stresses acting 
the boiler. The blow-off valves shall be examined and, if | 
defective, repaired. The the failure of water 
shall be determined and remedied. 

C-57. Where both cock and valve are used in the blow-of 
the cock shall be placed between the valve and the boiler. A 
blow-off cocks and valves shall be kept free from leaks and in 
working order. 

C-58. Blow-off piping shall be extra 
valve or valves, and all fittings between the boiler and valve 
be of steel. Blow-off pipes shall be so located that all ey 
portions within the building, and within any pipe tunnel, « 
directly into the boiler room, can be inspected and such ] 
of the blow-off piping which oceur within the boiler ro 
within any pipe tunnel opening directly into the boiler root 
be installed to withstand full working pressure of the boiler 

C-59. Blow-off valves shall be in such location that tl 
accessible, and if located in a trench or tunnel, an extensi: 
be applied to the valve stems so that they may be operat: 
the floor, or some convenient location. 

C60. In operating blow-off cocks and valves, they 
opened and closed carefully and slowly; care shall be es 
to make sure that when the valves or cocks are closed, t 
closed tight. Where both valve and cock are used in tl 
blow-off connection, the cock shall be opened before the 
and closed after the valve. In blowing off a boiler, t} 
or cock shall be opened half way and remain so until on 
water has been blown down and then the valve shall 
opened and remain so until the blowing off is completed. 

C-61. The amount of blowing off shall depend upon the 
of suspended matter in the feedwater, tne number of he 
day that the boiler is in service and the rating at which t! 
is in operation; the minimum amount shall be one gag 
twenty-four hours, except where the amount and freq 
blowing down is determined by chemical analysis. Th: " 
off shall be done when the boiler is operating at its lowest rating 
a boiler shall be blown off as soon as it has been cut off th I 
just before it is cut in. 

C-62. When the operator is blowing down a boiler ar 
see the water glass, another operator shall be 
the water glass and signal the operator blowing down the 

C-63. The pipe and fittings between the blow-off valv: 
boiler and their insulation shall be occasionally inspected 
to maintain them in good condition. 

C-+i4. When practicable, the end of the blow-off lin 


cause of 


heavy from. boi 


placed 





visible in order to detect leakage. r tr 
C-65. Fouled Heating Surface. Boilers shall be kept free C8 
scale, mud and sediment as far as possible at all times, partic” ler, 
care and attention being given to the heating surfaces, tubes 2 9 "8ggir 
fire sheets. C-§ 
C-66. Waters containing salt, magnesium chloride « rat heater 
should not be used in the boiler without outside treatmen! as © ies 
will cause pitting and foaming in the boiler. EXcels) 
C7. Feedwaters should be made slightly alkaline with © 0-85 








J 


N 
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cial sodas or lime where free organic or mineral acids are 


sent. 


/ HS, 


Feedwaters should be treated with commercial sodas 


ere the impurities in 10,000 gailons of water are precipitated 


ye pound or more of carbonate of soda. 
£9, Where feedwaters contain 3 grains per gallon or more of 
wonate of soda, or its equivalents in other sodas, the soda con- 
ration within a boiler should not exceed 100 grains per gallon. 

0. All feedwater should be passed through a heater before 
introduced into the boiler in order that any temporary hardness 
be eliminated as far as possible and precipitated in the heater 

which it can be removed easily. 

{. Feedwater which is treated should be raised in tempera- 
to a minimum of 180 deg. fahr., and the treatment should 
place in an external vessel or heater separate from the boiler, 

is suitable for receiving the precipitate formed by the elimi- 
n of the temporary hardness and the reaction of the chemicals 
obviating use of the boiler as a sludge tank as far as possible. 

Commercial boiler compounds should not be used without 
igent supervision or without an exact understanding of their 
cal composition, the exact nature of the scale-forming ma- 
in the water and the reaction which will be brought about 
eir combination. 

Where water-softening apparatus is found necessary, 
tor should check by analysis, with frequency, the quantity 
micals or other substances used in the softener against the 
rming matter in the water. 

Proper technical supervision should control the operation 
water softener. 

Recommended procedure for treatment of boiler feed- 
the best results and greatest 
nis the daily sampling and analysis of feed and blow-down 
regulation of the blow down and prescription of feedwater 


to obtain assurance oO! sate 


nt by some qualified chemical engineer at lrequent inte rvals, 

he treat- 
feedwater, it must be kept ata point below of 1 per 
mal alkaline strength or concentration to avoid pitting; 
bout 15 


Where carbonate of soda or soda ash is used in the 


grains per gallon, normal solution of sodium car- 
100 ee. 
Graphite should be used with caution as a boiler-water 


being 0.3 grams to 
t It tends to choke up connections to draft re gulators, 
iges, etc 
should be used with caution in boiler as a 
is liable to leave behind inflammable gases, 
ive caused dangerous explosions in the past on the intro- 
of lights into the boilers, and it may distil into elements 
ll attack gaskets and joints of piping and fittings. 

When soda ash is used to remove seale from boilers, it 
: done under proper supervision, and when conditions are 


Kerosene 
mover, It 


id it is recommended that daily record be made of alkalinity and 


content of the water in each boiler. 


Where priming is experienced, a sample of trap discharge 
im main near boilers shall be tested for chloride and 
alit frequently and the result recorded. 
“0 \W hen scale is being removed from boilers by the treat- 
it eedwater, care must be used not to bring it down too 
as if may accumulate in piles and patches on the sheets over 
I using bagging or blistering of the plates. 
U- \ piece of zine should be hung in the interior of boilers 
h subject to electrolytic action and a tendency to pitting. 


4 


ild be a good electrical contact of low resistance between 
Oller structure and the zinc, which must be fitted in a basket 
iene ) prevent the danger of the disintegrated zine from fall 
the shell of the boiler or plugging tubes in the vicinity. 


ar | not be used where boiler compounds are being employed 
tre g feedwater. 

CU-§ are shall be used to prevent the entrance of oil into a 

Wer, as it will collect in clots on the heating surfaces, causing 
ging rupture. 

84. Where there is a possibility of oil in returns, feedwater 
aters should be provided with oil filters. Entrainment return 


lines shy 


eX 


ld be passed through some suitable filter bed such as 
exhaust mains should be dripped and the oil separated out. 
Discharge from heaters or heater coils for fuel-oil installa- 


celsior 
C-85. 
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tions shall be wasted or diverted to other uses to prevent any ¢ il 
reaching the boilers. 
When taken off the and 


washing, they should not he blown down and opened before the 


C-S6, boilers are line for cleaning 


brickwork of the setting has cooled, otherwise the seale will be 
baked hard on the metal surfaces making its removal difficult 
C-87. Boilers should be blown down at regular intervals under 
the supervision Of some competent person to! the removal of mud 
which has precipitated because of the elimination of temporar 
hardness in the water by heat, removal of seale-formit g element 
by treatment, and th ordinary settling down of 
general 
('-SS It is recommended that a feed trough be used wit! 


water-tube boilers which have longitudinal upper drums into wl 


the feed line is connected. for the 


purpose of catching and faci 
tating removal of mud deposited from the temporary hardnes 
in the water. 
C-89. Boilers should be taken off the line at such regular inter- 
vals, especially where the water is being treated, blown down, 


opened and given a thorough washing, as to clear all tubes and 


heating surfaces of mud, 


C-90. 


slime and loose de posits 
soiler tubes should be turbined as required, to free tubes 
from scale but with proper feed treatment and control very littl 
turbining should be necessary. Removal of scale from the exterior of 
fire tubes by vibrating them with internal cleaner or hammer must 
be practiced with caution as it is a serious strain on thin tubes 
C-91. Boilers shall be provided with the necessary 
and handholes so that all 
and washed with facility. 
("99 


manhol S 
areas can be reached, lighted, inspected 


Soot should be removed from heating surfaces frequently 
In addition to the use the front 


of many water-tube boilers should be blown and cleaned over the 


of mechanical soot blowers, tubes 


fire with a hand-oype rated steam or air lane 


C'-93 The engineer 1! charge should mak Inspections Ol the 
internal and external surfaces of the boiler at frequent intervals, 
logging the result of such inspections in detail to form a basis of 
comparison from time to time. 

C-94. Excessive Combustion. Care shall be used tl there 


is no weakening of the boiler structure due to fire cracks, erys- 


tallization of , because of an increase in the rate of 


tion, where stokers are substituted for hand firing 


parts, ete opera- 
or there has been 
a change Irom low- to high-grade fuel, etc. 

C95. 


Furnaces shall be guarded against leakage of 


which striking against hot surfaces of the 


cold All 
boiler cause dangerous 
stresses. 


furnace temperatures down to safe limits and to see that 


In case of stokers and oil fires care shall be used to keep 
only 
are used. 

Oil flames shall not be allowed to impinge on side walls 
or arches as they will cause excessive spalling and endanger safety 
of the structure. Air pressure in the furnace shall not be allowed 
as it will force hot gases out through any crevices in the setting 
and tend to destroy it 


C-98. Combustion 


the best available refractories 
C'-97. 


Ny condary 


and Ti rougl WW he re 


possible, the combustion chamber and the gas passages with their 


Flam ing 


connections shall be constructed without blind pockets or spaces 
where unburned gas can accumulate; where such pockets or 
are unavoidable, they shall be properly ventilated 

C-99,. Where waste gases fuel, they shall be 


“paces 


i 


are used as by- 
passed to the chimney. 

C-100. Before lighting a fire, the combustion chamber and gas 
shall be thoroughly ventilated. After the 


(in a gas-, oil- or pulverized-fuel-fired boiler) a torch or other flame 


passages ventilation 
shall be placed in the combustion chamber before the supply of 
fuel is admitted. If a torch is used the operator shall stand clear 
of the opening. In oil-, gas- or pulverized-fuel-fired boilers, a torch 
shall be used to light all burners until the brickwork becomes in- 
tensely hot and even then when all burners are out. 

C-101. In the event of flare back or the snapping out of burners, 
the fuel supply shall be shut off and the boiler thoroughly ventilated 
before the fire is again lighted. 

C-102. Secondary combustion shall be prevented by admitting 
sufficient air at all times to guarantee the complete combustion 
of the fuel before the gas has traveled one-half of the distance from 
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the fire bed or burners to the exit of the setting. Care shall be 
exercised to prevent the leakage of air into the latter passes and 
thus burning the gases in the latter passes. 

C-103. When a fire is banked, the admission of air below the 
fire shall be checked and only sufficient air admitted to the com- 
bustion chamber above the level of the fire bed to prevent the 
accumulation of The damper in 
the uptake shall be left slightly open or perforated to insure a 
slight draft. 

C-104. In shutting down a boiler, the air supply shall be main- 
tained until after the fuel supply is discontinued and in the case 
f oil-fired boilers until any oil on the floor of the combustion 
After all combustion has ceased, the air 
supply shall be continued only until the combustion chamber and 


gases of imperfect combustion. 


chamber is consumed. 


gas passes are thoroughly ventilated. 

C-105. Localized and Uneven Heating. Ample time shall be 
allowed for raising steam pressure to prevent uneven heating of 
the boiler and setting, especially where circulation of water may be 
sluggish, as in internally fired types; 
where uneven expansion might effect the brickwork. 

C-106. 


also on new installations 
The surfaces in the steam space of drums shall not be 
exposed to the direct heat of the combustion chamber, or to the 
Baffles and brickwork shall be 


kept in repair at all times to prevent surfaces in the steam space 


direct products of combustion. 


ol drums from becoming exposed to the direct heat of the com- 
bustion chamber. 

C-107. When superheaters are a part of the boiler, some means 
shall be taken, when firing up, to blank off the direct affect of the 
hot gases by a damper, unless superheater is flooded or 
they are of a type protected to withstand the heat. 


unless 
C-108, Cast-iron or wrought-iron sleeves of ample size shall be 
provided wherever pipes pass through the brickwork, to provide 
for expansion and contraction. 


C-109, Rivet heads shall not be exposed directly to the heat 
of the combustion chamber, except where they are within the 
water space 

C-110. Boilers shall not be emptied until brickwork cools, as 


uneven expansion may take place 

C-111. Damper Regulation. Each boiler shall be provided 
with a draft gage and a recording temperature device in the stack 
used in connection with each battery. Every boiler shall be pro- 
vided with a back damper which can be operated and adjusted 
conveniently from the firing floor by the fireman on watch. 

(-112. Smoke flues from batteries of boilers shall be 
in such a way as to equalize the draft between the boilers. 

C-113. Where draft-control systems are used they shall not 
he considered as relieving the fireman of responsibility. He shall 
be alert at all times to detect unusual conditions which may cause 
excessive combustion and affect the safety of the structure. 

C-114. Where electric devices are used to actuate draft-control 
apparatus, the operator shall use care to see that the current does 
not fail and to handle the situation promptly in case of failure of 
the electrical supply. 

C-115. Should the damper connection break, the mechanism 
shall be arranged so that the damper will open automatically and 
the fuel supply shut off automatically. 

C-116. Damper regulators, where shall be preferably 
of the so-called “dead beat” type with valve lever so arranged 
that after pilot valve has been opened by a slight shifting of the 
pressure-actuated lever, it will be returned to closed position by 
the movement of the piston rod which handles the damper, thus 
causing gradual changes in the draft condition. 

C-117. Damper regulators and draft-control apparatus shall 
maintain the steam pressure within a total range of not more than 


bafHed 


used, 


5 lb. for boilers carrying under 150 lb. gage pressure, and within 
10 lb. for boilers carrying higher pressure. 

C-118. In the case of oil-burning or powdered-coal furnaces, 
the back damper shall be opened wide when the fire is to be lighted. 

C-119. Insulation. Blow-off pipes shall be protected from the 
products of combustion by firebrick or other heat-resisting material 
so arranged that the pipe may be inspected. 

C-120. Structures supporting the boiler, or structures which 
are a part of the building, shall be protected from the heat of the 
combustion space by insulating material, or air space, and shall 


Vor . 15. No 


1 


fahr., whi 
might affect the strength of the material, and cause strains to oc: 
due to expansion. 


not be subjected to temperatures above 600 deg 


This applies particularly to structures locat 
between the settings of boilers in a battery. 

C(-121. With the suspended settings the steel work shall b 
designed and be of sufficient strength and rigidity to eliminate « 
strain on the brickwork, under conditions of temperature w! 
might cause the steel to expand or contract. 

(-122. Firebrick linings shall be set in such a manne 
when heated the expansion will not affect the outside walls. 


INTERNAL CORROSION 


C-123. General. The interior of all parts of boilers sha 


examined frequently and watched continually for evidene 
corrosion in the shape of grooving, pitting, Wasting away or thi 
of metal. 

('-1.24. 


steps shall be taken promptly to counteract the condition 


indications of corr 


Upon the observation of any 


case of steaming boilers, clear water or gravish color in the 
glass may be an indicator ol safe water 
colored water mav be 


its connections. 


while reddish or | 


an indi ator ol corrosion in the | 


('-1.25,. Boiler operators shall watch their raw-feed sup; 
guard against the possibility of corrosive elements becoming 
with the water. 

(-126. The presence of air and oxygen may be detect 


warming a sample of boiler feedwater in a glass flask and 
the bubbles which collect. 
('-127. Feedwater shall be examined from time to. ti 
organic matter both by filtering and by testing with pure su 
acid which, when added toa sample of the water in test tul 
turn it brown should organic material be 
('-1.28. 


present. 
Chlorides which are particularly active agents ¢ 
sion shall be tested for by the addition of silver nitrate to 
which little 
which gives a brownish red color in presence of chlorides 
C-129. A test for acidity shall be made often, parti 
the source of supply of feedwater is a river or pond in a 
This test can be made by taking a sa 
raw water, adding a drop of methyl orange which 


ot water contains a potassium chromate 


facturing district. 
will 
sample vellow il 

C-130. Where 


recommended that they be checked bv Stabler’s corrosior 


it is alkaline and pink if acid and corro 


complete Water analyses are availal 


which classifies them in accordance with thei acid-fort 


dencies, Stabler’s coeffic ent Of Corrosion bs 
( II 0.116 Al 0.0361 Fe 0.0S2S Me 
0.0336 CO 0.0165 HCO 
where the CO, term represents the carbonates, the HCO 


and all the terms are 
0.0503 


carbonates, 


Where C +4 


expressed In parts pel 
calcium ion 


negative qu intityv, 








be ho corrosion due to acidity. Wh re © is negative \ 
0.0503 Ca is positive, corrosion may or ‘nay not oecul 
ability varying directly with the value of expression C + 0 ( 
C-131. Water shall be kept slightly alkaline wher 
reason to expect acidity, and possible corrosion. This 1 
alkaline strength should not exceed one-half of one per cet 
(about 15 grains per U.S. gallon) unless under the dire da 
expert feedwater chemist or engineer. Normal alkaline gl C- 
is 5.3 grams of soda ash or sodium carbonate to LOO ce iC 
water. 
C-132. The percentage of normal-strength alkalinit 
ascertained with frequency and checked by the formula ('.] 
p Qn “ta 
» { / 
where Living 
P per cent normal strength ps 
Q number ec. from testing burette grown, 
n = percentage of normal strength of acid used tesull, Cy 
burette ‘] 
S number ce. in sample of water being tested : th, 
C-133. This test for alkalinity shall be made by titration U's When | 


} 


ormal sulphuric acid) in burette and 
ol-pthalein indicator which changes from pink to clear water 
a end port Tests mace for the detection ol possible ten- 
ies to corrosion must be made not only on the raw water but 
clally on the blow down water ol the boiler 
134. Feedwat \ir and gases like oxygen, carbon dioxide 
ulphur dioxide either in solution or mechanically mixed with 
iter are corrosive agents Such feedwatet should bye passed 


] 


iwh an open hie ite! which ha 4 top breather pipe to the a 


rh) which thre CHS WAV Ost ipo 
Where considerable trouble is experienced from. air 


ind carbon dioxide in feedwater, some form of deactivator 


lL be used. Closed heaters should not be used where air and 
encountered in feedwaters as they tend to collect the gas 


ind are dangerous for that reason 
Where air and gas are carried into the boiler they tend 


ge below the water line in the form of bubbles which make 
the metal I) ich cases the feed shall be treated wit! 
iustl sod té make the water slightly ilkaline ee pre- 
iracraph o1 ile fl it the water should bye fed above the 
nem the form Of a spray and in extreme case a Vacuul 
tached to the Open heater to clear It ol al ind il 
\ feedwater which have magnesium compounds n 
ust be regarded wit suspicion. Magnesium chloride 
e action of heat decomposes and gives off hydrochloris 
Magnesium sulphate. if salt is present will produce hvdro 
wid under the action of heat. Such waters should be treated 
oOnate ( 
Feedwaters which « ntam sea water will cause cor 
Boiler vaters whicl eontal calcium sulp ile ame 
itter e taken care is they will produce sulphuri 
adangerou rrosive agent 
( ile ilphate scule =] ill by rel ) ed rol Dower 
is It W decompose into sulphur dioxide and oxvgen 
ition of heat This free oxvgen attacks the metal of 
orroding it rapid 
‘ \| itrate re cor e agent ind where the ecul 
itra ed by treating the feedwater 
Ammonium carbonates which come from barn and out 
nage SOUres? a) dat rel whic ist be ruarded 
thev are rv COrroslve 


\cids in general must not be allowed to get into feed- 


o 


pply Rivers which flow past manufacturing towns 
pick them ip they may come from the decomposition 
getable oils and greases which were compounded into 
g oils used in the plant: water Irom swamps and bogs n i\ 


umic acid, tannic acid and carbonic acid; some patented 
pounds contain free acids like tannie acid; coal-region 


tains sulphurous acid, ete.—all are corrosive and their 


resence should be checked regularly by means of the acid 


ta bed in the preceding paragraph. 
Pure water and distilled water shall be used with caution 
eed. The pure water has a marked capacity for dissolv- 
gi Distilled water always has an equal volume of CO, 
th are corrosive and should be made alkaline with lime or 
{ Rain water, especially where it comes from roofs of 
(ings near manufacturing centers, will contain more or less soot, 
iphur dioxide, all of which are corrosive agents which 

iarded against 

U- Where coagulants are used, especially alum sulphate of 
decomposition may take place from the heat of the 
h sets free sulphuric acid, a dangerous corrosive agent. 
( “trav electric currents are possible in power houses, 
ig to obscure electrolytic reactions in the boilers which 
Cau itting of boiler metal. For this reason boilers shall be 


rounde thoroughly 


C1 Mlectrolytic action should be avoided as far as possible 
the lation of copper and brass pipes from the boiler structure, 
the use of iron rather than brass or copper ferrules at tube ends 
‘0 needed, by avoiding contact of dissimilar metals in the boiler 
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structure, and by usi gy eare in kee ping coal, © 
and I id out ol the boiler 


Mill scale 


Irom boilers as it tends to promote electrolytic action and corrosi 
pl 


copper, by iss 


C-149 from tubes and shell plate hall be removed 


especially where salt Is present 


C'-150 Defective circulation and unequal strains on members 
the boiler structure tend to promote corrosion and must be checked 
where trouble is experienced 

(-)5] Where pitting experienced, the surface of the met 
hall be cleaned carefully, the pits filled with zine oxide paste 
decrease the possibility of gas lodging in their cavities and to chee] 
the corrosive action Where slight grooving and thinning 
occurred the boiler drum shall be given an inside coat of port] | 
eement or zine paint 

('-152? B ( Cul i Se cm When boilers are take l 
service for any length of time care shall be used to prevent corrosior 
If they are to be left empt they shall be oiled down as 
( nptied dried ( Viti the help « i hot i! t ‘ nea itole 
mount quicklime placed boards mn the terior am 
De ¢ osed t hth 

('-153. Boiler ill, if idle for considerable periods, be 
up each three montt rr eXaminatior nd the renewa ‘ 
( uckli 

( / | ale wollers iré to tv ett wit ite! ? T 
vater shall be made slightly alkaline and the boiler pumped 

wate! Chis water shall be heated to a moderate temperature 
for a short time to eliminate all the air possibl Che boiler sl 
then be closed tightly, allowed to cool and shall be kept. e 
In such « ines a plece ol bright clean iro} shall be hung int ie closed 
boiler in such a way t it it can be removed and Inspected 
ind corrosion at regular intervals 

(. Where boiler re idle long periods filled wit 
great care shall ry ised to Keep thi vate ( d is the 1 } 
imount of corrosi <= promoted by lukewarm water t 
reason feed _ d y sonnecti hall be tig 
1! ‘ 

Ix Ry ( i} ~ 

( f Le ‘tT RB el | <erTvics ar’ VAVS exposed 
external le iks ol aitferent kinds which tend tf corrode The hye 
lhe operator shall guard against leaky safet alves and ste 
mains which drip on the boiler and cause external corrosi« 
especially where the weter runs undet protective coverings 

C-1 Leaky manholes and handholes particularly wher 
ind soot in colleet are especially danger us as they corrode 
shell rapidly Such places shall be kept clean and tight 

('-158 Boiler operators shall keep inde observatiot | 
times the blow-off pipe nipple that screws into the mud dru 
Corrosio! is especially hable to weaken the pipe at this pom} 


causing possibility of serious accident 

('-J59 The rool ove! hoile rs shall be nal tained In good Col 
dition as roof water leaking down on settings tends to destr 
them as well as to corrode the boiler itself, 

('-JH0 


} 


Quenching water shall not be played on hot ash and 
cinder in boiler pits as there is danger of wet ash being carried up 
on to the shell and tubes of the boiler causing corrosion 

C-161. Care shall be taken to see that ashes do not me im 
contact with the boiler at any point. 

C'-162 Leaky tubes shall be rolled or replaced promptly to 
avoid possible corrosion of the tube sheet 

C-168. Boiler out of Service When the boiler is taken out of 
service it shall be cleaned externally and inspected for wet ash 
and soot 

C-164. When boiler is to be out of service for along period it 
shall be given a coat of red lead, black japan, or tar paint to prevent 
The damper shall be closed and lim« placed 
on several points in the setting to dry the air as much as possible 
{ll openings into the setting shall be closed. 


('-165 Where boiler has been taken off the line for an idle period, 


external corrosion 


it shall be made certain that all feed and steam valves ar hut 


and do not leak, 


L;ROSION 


C-166, Soot blowers shall be supplied with practically dry 











w 
~J 


steam; they shall be well drained before using. Care shall be taken 
to prevent too direct an impingement with a steam jet upon the 
tubes and tube sheets. 

C-167. In using a steam lance, care shall be taken not to blow 
with too much force or for too long a period upon any one point, 
particularly about the lower end of vertical water tubes. 


STRESSES OTHER THAN INTERNAL PRESSURE 


C-168. Boiler Supports. Foundations for steam boilers must 
be of ample size to carry the load, and where large concentrated 
loads fall within a small area of the foundation, as in the vertical 
types of boilers, the foundations should be reinforced and spread 
to prevent any settling which might throw the boiler out of line. 
When the boilers are set in a battery, and when the foundations 
are not tied together by reinforcement, the joints in connecting 
pipes shall be broken open occasionally to see that no strains have 
been placed upon the piping on account of settling of any of the 
boiler foundations. 

C-169. Foundations and structures supporting a steam boiler 
shall be built to withstand any strain which may be transmitted 
to them by expansion or contraction of boiler or supports, and shall 
be tied together in such a manner as to maintain their proper re- 
lation. 

C-170. Vertical fire-tube or water-tube boilers whose bases 
cover a small area shall be carefully shimmed to distribute the 
load equally at all points. All shims shall be of steel or iron and 
properly secured or grouted. 

C-171. Steel structures supporting boilers shall be carefully 
protected from water from roofs or steam leaks, and wood or 
inflammable material shall never be stored close t 
structures. 

C-172. Supports for water-tube boilers shall be so designed 
that unequal strain shall not be brought upon the tubes by expan- 
sion or contraction. Structures surrounding the boiler shall 
provide for any expansion which may take place and eliminate 
any possibility of straining the tubes or injuring the boiler setting. 

C-173. On suspended type of settings care shall be taken at 
all times to see that the load is properly distributed over all points 
of suspension. 

C-174. Pipe-Line Supports. Pipe lines connected to boiler 
shall be installed with provision for expansion and contraction, 
and expansion bends shall be used where possible. Pipe lines shall 
be braced to prevent strains on boiler or connecting pipe lines, and 
supports shall be of sufficient strength and designed to withstand 
strains set up by possible water hammer or vibration. 

C-175. Pipe-line supports shall not be attached to temporary 
structures which might be removed, or to wooden structures which 
might be injured by fire. Supports for piping shall not be attached 
to wooden or steel structures such as floor or roof beams, which 
might be deflected by changes in load. 

C-176. Supports of Equipment or Other Structures. When 
stacks are supported from structures directly above the boilers, 
or from the boilers themselves, care shall be taken to protect all 
steel work from corrosion caused by water at this location running 
down on the stack, or from the roof. 


» supporting 


C-177?. Shafting and belting shall not be located over the boiler 
in such a position as to cause injury to the pipe lines, or cause 
strains on the boiler if an accident should occur to the belt, or the 
line of shafting. Supports for shafting shall be of sufficient rigid- 
ity, or, if necessary, separate structures should be provided the 
shafting to prevent vibration being carried to pipe lines, or to the 
boiler. 

C-178. Safe ty-Valve Escape -Pipe Supports To prevent injury 
to the boiler and setting, if necessary a safety-valve escape pipe 
shall be installed to carry the discharge or any condensation away. 
Escape pipes should be supported to prevent any strain upon the 
safety valve. 

C-179. Supporting Columns Between Settings. Where supporting 
columns between settings, or near boilers, are exposed to corrosion, 
they shall be set on concrete piers at least one foot above the floor 
level, or shall be encased in concrete at least 2 in. thick, to a point 
above which corrosion will not occur. Supporting columns not 
protected by concrete against corrosion shall be exposed so that they 
can be thoroughly inspected, and shall be kept well painted. 
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C-180. All structures over boilers, whether they are part of t! 
boiler installation or building structures, shall be inspected regular 
to see that corrosion does not occur, and shall be kept well paint: 
at all times. 

C-181. Supports of Blow-off Lines. Blow-off pipes shail 
supported and anchored to prevent strain being put on the boi 
structure on account of expansion or contraction. 


Mo.LecuLaR CHANGES 


C-182. Crystallization is caused by alternate heating 
cooling of the boiler metal and can be minimized by avoiding 
quent and sudden changes of temperature. 

C-183. Embrittlement may be caused by too high concentrat 
of soda in the boiler water and can be avoided by maintaini 
concentration of less than one-half of one per cent normal alkali: 


MECHANICAL INJURIES 


C-184. All boilers, with their auxiliaries and appurtena 
shall be located, as far as practical, where they will be least | 
to damage from external forces such as building failures, flyw 
explosions, flood, fire or explosions from the storage of inflamn 
material, belt-‘transmission failures, ete. 

C-185. Tube Clear ng or Scaling. Power, for operating mec 
ical hammers and cleaners used in removing scale or slag, sl 
generated outside of the boilers being cleaned. When such 
are actuated by air, steam or water, they shall be operat d at 
lowest pressure sufficient to accomplish the work when the n 
of these tools, actuated by hot water or steam, is generated 
the tube, care shall be taken not to heat the tube to the ext: 
causing undue strains by expansion. Mechanical hammers 
cleaners shall not be operated for more than a few seconds at 
at any one spot. 

C-186. Loose Connections. The fastenings of all interior fitting 
such as braces, baffles, feed troughs, gratings, zine baskets 
pipes, ete., shall be maintained secure and free from lost mot 

C-187. Repairs. All repairs and replacements shall be su 
to the rules for similar material and workmanship as given | 
Rules for the Construction of Power Boilers. 

C-188. No repairs, other than those of a routine cha 
shall be made upon a boiler except upon and in accordance wi 
advice of authorized boiler inspectors as required in Par. 409 
the Rules for the Construction of Power Boilers 

C-189. All repairs shall be made as soon as possibl 
record of all repairs upon boilers and upon any equipment WUX- 
iliaries affecting the safety of the boiler shall be kept. A re 
all repairs deferred shall be kept with the reasons for their d 

C-190. All leaks, however small, shall be traced to their 
and the proper remedy, not only to stop the leak but to pre 
recurrence, shall be applied at once 

C-191. No repairs shall be made upon a boiler or upo1 
its equipment while it is under pressure. 

C-192. The shell or drum of a boiler in which a typ 
seam crack” is discovered along a longicudinal riveted 
either butt-seam or lap joints shall be permmanently discont 
use under steam pressure, By “‘lap-se am crack” is meant thy 
erack frequently found in lap seams extending paralle 
longitudinal joint and located either between or adjacent 
holes. 

C-193. Cracks caused by flexure of the metal shall be 
by removing the part affected and replacing it with a 
The new part shall be of greater strength than the defer 
or other means shall be emploved to prevent a recurre! 
trouble. 

C-194. Where corrosion becomes dangerous or whe 
appear, the boiler shall be kept out of service until the 
parts have been repaired or replaced. No welding ot 
shall be done except upon and in accordance with the 
authorized boiler inspectors. 








C-195. Where pits occur closely grouped or aligned ir 
deep enough to affect the strength of the material, the aff = ™ 
shall be removed and replaced by a hard patch. [sol Puy 
not affecting the strength of material, shall be prevé <a 


becoming serious by cleaning the pit to bare metal, washing “! 
strong alkaline solution and filling with zine oxide. 
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(-196 Leaking rivets shall be calked about the edge of the the tube sheet or he ader shall be in accordance wit l 
ul and, if the leak continues, the rivet shall be removed and a given in Pars. 250, 251 and 252 of the Rules for the Constructior 


rivet put in. In removing the rivet, the center of the head of Power Boilers. The tube ends should be lightly ro 


py ( iter 
| be removed with a cape chisel, the remaining portions of the beading 
1 driven inward and the rivet driven out by punch and hammer. C-208. The rules applying to the care of tubes and the 
e rivet cannot be removed except by heavy hammering, the about the tube holes are equally applicable to the care of the 
t shall be drilled two-thirds of the way through its body witha nipples and the surfaces about the nipple holes 
s in. smaller in diameter than the rivet and the remainder of C-209, In removing slag from the exterior surfaces of a boiler 
rivet backed out. Before driving a new rivet, the rivet hole or its tubes, eare shall be exercised not to injure the met 
be made clean and free from burrs and sharp edges. 
(97. No atte mpts shall be made to make a joint tight by 
ng undue stress on the bolts. If a joint cannot be made RULES FOR INSPECTIONS 
without stretching the bolts, the joint shall be opened and 
uuse of the poor joint determined and removed C-2] All power boilers shall be given one internal and t 
(98. Inereasing the leverage of a wrench by a piece of pipe external inspections per year by the state or municipal inspectors 
er means shall not be permitted as an average man with a having jurisdiction or by the inspectors of the insurance comy 
12 in. wrench will stretch a ®/<in holt carrying the risk hese inspectors are hereinafter termed author 
IS in. wrench will stretch a -in. bolt zed Mspector 
4 L will stectch -e ( Simila 7 ( vy t re r 
in. wrench will etch a l | p pa mS — ;, nn ; = 
e pla ry S “ ' | ‘ 
rest the \ ts should he ey ed te d ind in 1 Vise | sup g ( g ( 
In clea gaskets fre f Care ( ns 1 ed S 
W he i ifficr irped ( t ( i 
pecti nd cleanline ttemy I] Ce} 
to straighter place h tu he re ved he | , ‘ ‘ 1! ‘ 
A water tube wit! eries of bags « ed nv sé d 
replaced | st ( Va r tube i ‘ ( ic} ( \ extel pect I 
e ba en ( iby t with a te ‘ ‘ r pon eX ( purte ( 1 ¢ I l 
in extent that there is an appreciable stretching of the does not necessarilv require that the boiler be off the r It 
r that ther t possibility of scale or deposit collecting in a form of examination to check up care and managem« ; 
the tube shall be removed (-214. The internal inspection of the boilet 
: Tubes, which have been rolled until the thickness of prehensive and thorough examinatio n every ce ‘ racing 
tal has been considerably reduced or until the life of the metal particularly the determination of the suitability of the boiler for 
ibly destroyed, shall be re newed. load and pressure carried, strength of its parts, possibie deteriora- 
( Tubes in fire-tube boilers, which have been rolled several — tion in service, and advisability of its continuance under the pressure 


nd still leak, may be improved temporarily by rolling and carried previously to inspection 
ic tube ind then inserting a tight-fitting ferrule of tube C-215. No parti ular pre paratiol S shall be necessary 


a gage equivalent to that of the tube and of a length equal external Inspection other than giving the plant inspector convenient 


times the thickness of the tube sheet The inner ‘end of access to the boiler and its connections 
ile shall be chamfered on the inner edge and the outer end C-216 The internal inspection shall call for somewhat extensive 
rolled and beaded after the ferrule is in place. When a_ preparation, mainly the proper cooling and opening up the boiler 
installed immediate steps shall be taken to replace the together with a thorough cleaning of the boiler, including setting 
Chere shall not be more than 10 per cent of the number of C-217. The cooling of boiler shall be done cautiously so as not 
the boiler so equipped and not more than two adjacent to put undue stress on the heated surfaces and setting The damper 
anv one time shall be opened wide and the ashpit doors opened allowing circu- 
( Tubes shall not be reénded or pieced by autogenous lation of air in the usual way. The fire doors shall remain closed 
until boiler is cooled 
( In removing tubes exceptional care shall be taken not C-218. During the cooling process the large doors in the boiler 
the metal around the tube hole. A tube in being removed front shall be kent closed in order to prevent rapid cooling of tube 
with a flat chisel from the end to the header or drum at ends 
about ; In. apart and the strip, between the cuts, C-219. After the furnace and lining have become well cooled 
x i its seat and bent inward with a bar. The tube shall the fire doors may be opened as well as the clean-out door at the 
it through and beyond its seat with a tool as wide as rear preparatory to sweeping out the accumulated ash and soot. 
nd ground to the curvature of the tube hole. A crum- C-220. The walls, baffles, tubes and shell shall be thoroughly 
ng hall then be used to break in the end of the tube. swept down and the ash and soot removed to give the plant in- 
U- When a new tube is to be installed, the surfaces of the  spector opportunity to examine the parts closely and to eliminat 
el it the tube hole shall be made free from any projections danger from hot contact 
tilation and shall be thoroughly cleaned of scale or fore ign C-221. The tubes shall be well dusted and cleaned with steam 
(ny LZrooves, scorings or holes in these surtaces shall, if soot blowers before the cooling operation has comme! ced steam 
ght filled with iron cement or zine oxide paste or, if of any shall not be used to clean tubes of a cold boiler as the moisture 
ARTA . be built up by welding. The ends of the new tube, cements the soot and ash into a hard mass difficult to remov 
ot l come in contact with the tube sheet or header, shall be C'-222, When boiler and se tting are thoroughly cooled the 
ide and smooth before the tube is put in place. blow-off valve shall be « pe ned and the water removed Then the 
C- Che expanding of the tubes shall be done by a competent’ manhole and handhole covers shall be removed to allow ci ition 
‘son. Before expanding a tube, the expander shall be examined _ of air. 
Se it is equipped with the proper rollers, straight or tapered C-223. The inside of shell, drums and tubes shall then be washed 
the per direction. Rolling shall be stopped when the rollers down thoroughly to remove mud, loose seale, ete. The washing 
perate 


enly all around the tube with sufficient pressure on the operation shall be conducted from above as far as possible to carry 
The beading of a tube shall be done by rollers especially the material downward to blow-off or lower handholes. 

“signed for the purpose or by a tapered mandrel driven into the C-224. Before the washing operation is commenced a wire- 

tube. The flaring, beading and welding of tubes and gauze screen of cylindrical form shall be inserted in each blow-off 

| the amount of projection of the end of the tube beyond opening, projecting up into the boiler several inches, whose function 


Mandre 


end ot 


lupples 
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is to prevent loose pieces ol scale from entering and clogging thi 
pipe. 
The plant inspector shall have available the data on the 


blow-off 

C-220. 
boiler, dimensions, age, particulars as to previous defects noted, if 
any, and shall proceed to check up the pressure Carry ing capacity ol 


hoiler subject to conditions found during complete inspection. 
ISXTERNAL INSPECTION 
('-226. The plant inspector shall examine the boiler for level, 


noting whether or not there has been any tendeney to settlement, 
especially the level of the top tubes in horizontal-return-tubular 
boilers. 
toward the back of boiler. 


He shall see that proper provision is made for expansion 


Examination shall then be made of the feed connection 
that it is clear and in good working condition. 


("998 


to see 
Examination shall be made for evidences of corrosion 
on exterior of shell from rain coming down stack and leaking roots, 
valves and pipes. 

(-229. Inspection shall be made to see if there is any leakage 
of flame on dry sheets, particularly at the back arch of return-tubular 
boilers, which should be entirely clear of rear tube sheet with sheet 
metal or asbestos rope covering gap. Tie rods and buck 
shall be examined for condition and possible shifting from place. 

(-230. Where the boiler top with brick or other 
material, it should be removed sufficiently to allow proper In- 
spection of riveted joints. 

(-231. The plant inspector should note proximity of overhead 
shafts or any machinery which might drop down on or strike boiler 


stays 


is covered 


in case of accident. 

C-232. The plant inspector should note the presence of lumber, 
or other material piled on boiler or setting for purposes of dryin 
or storage and which may endanger the setting or the safety ane 
accessibility of the apparatus. 

C-233. A careful examination shall be made of the safety 
its connection to the boiler, escape pipe, its drip, supports, ete. 
He shall also test the safety valve by hand. 

C'-234. The water glass, gage cocks, water column connections 
and blow-offs shall be tested to see if the 


Boiler pressure gages and master gages shall be tested. 


valve, 


connections are tree 


FURNACE AND Parts Exposep TO FIRE 


C-235. The plant inspector shall go into the furnace for the 
examination of the exterior of the tubes, 
C-236. He shall examine carefully for bulges over the fire, leaky 


rivets, loose rivets, rivets out of alignment, corrosion, Wasting away 


shell, brickwork, ete 


of plates, cracks, ete. 

C-237. The plant inspector shall serape the 
detect thin places. 
thickness of plates with steel-scale measurement. 
joints and sheets over the fire particularly for possible fire cracks 

C-238. The plant inspector shall exainine the setting for cracks, 
settlement and loose brick which may the 
Where brickwork is used as insulation of steel supporting numbers 
it shall be examined to see that it is in good condition and that the 
air space, if any, is maintained. The furnace lining shall be ex- 
amined for spalling, cracking and settlement. In vertical boilers, 
bridge walls shall be inspected to see that the mud drum is properly 
protected. The plant inspector shall examine baffle and check 
walls particularly for holes which may permit flaming through. 

C-239. The blow-off connection should be examined carefuily 
for corrosion and weakness where it screws into the boiler. The 
protecting cover of brick or tile should be intact and not interfere 
in any way with the expansion of the boiler or pipe. 

C-240. Particular attention shall be given the tube ends and tube 
sheets in the case of horizontal-return-tubular boilers, the plant 
inspector noting any corrosion of the sheets, signs of leaking tubes, 
excessive thinning of the tubes from repeated rollings, and any 
cracks in the tube ends. 

C-241. The plant inspector shall note any tendency to corrosion 
from leakage of manhole and handholes under tubes in tube sheets 
of return-tubular boilers. 


shell and tap it 
He shall check 


He shall examine 


thoroughly with hammer to 


lean against boiler. 


INTERNAL INSPECTIOD 


(-242. The plant inspector shall enter the drums of the 1 
to make personal examination of conditions, first making sure t 
they have been properly ventilated and that ther 


gas present from oil used to coat the boiler as the water | 


Ae infl ithith 


li ywered., 


C-243. Before entering the shell or drum the plant insp 
shall see that the blow-off valve, the main steam valve and 
Valves are low ked and the kevs in his DOSSECSSIO! 

C-244. Careful examination of the interior of the boiler 
be made for pitting, corrosion, scale and thin places iy ell 


upper half of drums in the steam space shall be exami 
for signs of grease and oil 

C-245. The interior of the tubes 
and deposits and the space between the 


should bye eNAMmined Tor 
tubes in Case oO 
tubular boiler made visible by lowering candle or small light bet 
them for the purpose ol making sure that there is no restrict 
the circulation 

(-246. The loeation of the feed discharge and condition ¢ 
Dry 
see that their openings and pertorations are 


trough under it shall be noted pipes shall be exam 


free from dep 
All interior fittings shall be examined for loose conne: 


(-247. The interior face of the riveted joints shall be exa: 


tions 


for condition of riveting, thinness of metal, corrosion, crack 
The plant Inspector shall note any Wasting away al d crael 


stuvs and braces. Particular note shall be made of anv \ 
stays or braces 
(-248. The fusible plug, if used, shall be examined 


seraped to expose the condition of the metal and the plug ret 


In case it has seen a vear ot service The Iriacs ! 
about the plug shall also be seraped 
INSPECTION OF APPURTENANCES AND SUPPORTS 


exvamination of thre condition ol thy ma 


C-249, An 


and its 


connections to boiler shall be made to ascertai 
properly supported, that due allowance is made for ex 
without throwing strains on the boiler. that the non-retur 
valves are in good working condition and so placed t 
ho por ket in the connection to hold wate 

( . The plant inspector shall note the ! 

gage, gage cocks, ascertain that the pipes leading to 
column and water glass are level, and by leveling acer 
row of tubes or from the position of the fusible plug 
position of the water glass. 


('-251. Check pipe line and all exterior supports to see 


proper tension and alignment is maintained. Where boiler 
tions are independent of building foundati 
and feed connections shall be disconnected once a vea 
possible settlements. 

C-252. In addition to the above inspections, the plant 
shall observe the condition of the interior cf boiler at least 
every three months or at more frequent ‘ntery 
opened for cleaning or repairs. Each time the 


] 
ook for 


from service, the plant inspector shall 


signs ol 
where observations cannot be taken while the boiler is nm oO} 
C(-253. A record of each inspection shall be kept in a 
manner so that anv change of condition can be definitely ec 
especially with reference to thickness of scale, 


COrrosiol 





ete. 





CARE AND MANAGEMENT 


C-25 4 The plant inspector shall note parti ularly any 


of carelessness in the care and management of the boile: ; 
appurtenances. . ey 
C-255. The plant inspector shall demand immediate r ’ - 
any unsafe conditions or undesirable practices he may unc om 
shall report fully on the results of his inspection to the oy ibou 
the boiler plant, promptly. fire « 
C-256. The plant inspector shall be furnished a cop gene 
reports of inspections made by authorized inspectors and sis perm 
see that all recommendations in such reports are promptly al minu 
carefully carried to completion. (". 
rods | 


Water 
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RULES FOR ROUTINE OPERATION 


PurrinG BOILERS IN SERVICI 


Gett p Stean In starting a new boiler or one 


heen out of service 


ral extended period | that the COM pUs- 


chamber and gas passages are clean and in good repan se 
ill clean-out doors are closed tight 
Operate and see that both inlet and outlet d ers are 
nd in good cond Leave the back dampers ope 
e the Toke md a t in to see that the ire read I 
Make sure that the grates are satisfactory and in place 
examine the ide ¢ e boiler and make sure that it 
rome to a toreig tter and that there ! Inn tine 
then close i e opening 
see that | V-O! ilve water column and water-glass 
trv cocks and feed valve re good working condition and 
(oper er ‘ 
By me ixiliar eedwater ections, fill the 
rowit vate » level ittl ibo e the i eo } veg 
( ( ( tii IN] il feed connections (oper and close 
ind blow-dow es on Water column and water glass 
r to make re that these conneectior re not stopped up 
Draw off wate iroug! irface and bottom blow-of 
t ( ( ter in the nile it the bottom of 
| hie ( e level of the water t } t t 
elow thre \ et el uy Ive t 
| ‘ 
qr i ‘ ? ‘ 
ty ce ¢ ( 
| orate 
- \ ere ‘ | tu evr 
= i } ace 
) t ig I gy 
‘ ’ 
( el { rer | ~ 
( ( en 
| } ‘ ; 
‘ ! ( 
he t ? {} . 
‘ | ‘ { 
| { r oil 1 1 bur reais 
\\ i | ul e a Ker mulatu 
i] | warmed up read ! 
to bur If oil eS are 
‘ equi ent Ol Ks 
( er | r | ding hand toreh ne I 
»p or burner standing well clear to avoid possible flare 
torch is snuffed out before oil is lighted shut off the oil 
t the torch Alwavs use the torch for lighting burners 


brickwork is intensely hot and even then if all burners are 
xt light the adjacent burners but be sure that there is 
of draft Do not 


e oil to impinge on the brickwork or parts of the boiler. 


before lighting additional burners 


‘ Test the steam coils in the heater for oil 
( After starting a light fire and if the entire setting is 
" fire should continue until the brickwork is dried out 


vy which in the average case takes several days; if the 
mbustion chamber only has been renewed keep the fire going 
“out 48 hours. After the usual week-end shut down, a light 
re should be earried for about one hour. Only in extreme emer- 
eeney should steam be raised in less than a half hour. Do not 
permit the fire to generate a steam pressure until about thirty 
before cutting the boiler into the line. 

In case of a new setting, ease up on buck stays and tie 
allow for possible expansion of the brickwork. After 
Water becomes heated, check the level of the water in the glass 


minute 
(".9% 
rods ty 
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with trv cocks and « e blow-off Aft, P 
Cs iped through the vent valves for a few minute ‘ ethe valve 
( ) After brick ork 1 dried out and the woler eated 
begin raising the steam pressure slowly, espe ; 
fired boilers where the circulation is sluggish. Ke 
le el ¢ | int VW hye t hye eam pre rr ppl oh | f 
connections and test the safety valve | Blow 
t rel vt mi) ‘ 
U-% If the | er is equipped wit! perheater 
direct} fired Tvpe tT ee t! icted to withstand the ( 
during the ti iy ( (| ef t] tit protected ( uF 
the fire by flooding ( ng damp inst d for t 
( ( Ng / 1) i vel thoroughh thie ti; CO? 
nections between the iler and the header or st \\ 
a non-return check ilve or stop and cheel alwe 
he stop valve pened ver low dl ¢ whe ( 
rs bee bye ler 1s ¢ ly ‘ ‘ " ; pre acle 
If the mai toy i | the } pa } d 
intil the pressure equalized. 1 et 
hall by pened ! ~ asthe eratol ] , | 
, fo inute baw the te a . 
i! ‘ tu ! rie ecul bower , 
close the s | 
chy ‘ ( p hye on an 
\ ‘ t ! ire | 10 , 
re ‘ ‘ ‘ ’ 


{ t M i 
ii VG be s 

( i / The m nort ral 
opel ! eep Wate n the boiler and 

t the pl eT it : ! \ permit Neve! rT 

‘ ! ter regulate A) tic 
other duth reliance upon automatic devices cannot be epted 
< excuse for a boiler damaged by low water level 

C-280. The first duty on entering the boiler room is to ascertal 
whether the valves and connections between the boiler and water 


column are free and open especially when starting up in the morning 
after the 
water column, 
the 


fires | hen blow down the 
return of the water in the glass 


pial i 


iave been banked over night l 
noting the nd try 


gage cocks until sure of the water level. This should be done 
at the beginning and end of each shift and also several times during 
the shift. Have the water column well lighted and keep the water 
glass clean. Do not allow steam to leak from the water column 
or its connections, as this will cause the water glass to show 
level. 

C-281. If the level of the water is not visible in the water glass, 
try the gage cocks to determine whether the level of the water is 
above or below the water glass. If the level is below the water 
glass, stop the supply of fuel immediately and then the supply of 
air; close the dampers and ashpit doors. Close the feedwater 
valve and under no circumstances feedwater into the boiler. Haul 
the fire and, in the case of stokers or chain grates, keep them in 
motion with the fire doors open. Do not throw water on th 


a false 
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fire with fire or other hose. Do not open the safety valve or change 
the steam outlet valves or make any changes that will cause a 
sudden change in the stresses acting upon the boiler. Examine 
the bottom blow-off valves and repair them if they are found 
defective. 


7’.909 


Find the cause of the failure of the supply of water. 
Foaming and Priming. If foaming occurs check the 
fuel supply and close the steam outlet valve long enough to de- 
termine the true level of the water in the glass. If the level of the 
water in the water glass is sufficiently high, blow down some of the 
water in the boiler and feed in fresh water. Use surface blow-off 
if any are installed. 
several times, and 


Repeat the alternate blowing-off and feeding 
if the foaming does not stop, draw the fire 
and continue the alternate blowing-off and feeding. When the 
boiler is sufficiently cooled off, empty the boiler and look for the 
cause of the foaming which may be caused by oil or other foreign 
matter in the feedwater or by seale solvent. Test safety valve 
and connections of water column and water glass for any choking 
or sticking. Determine positively the 
adopt measures to prevent its recurrence. 

C-2838. Oil in Boiler. 
the feedwater heaters, water glasses and blowdowns. 


cause of foaming and 
Watch carefully for any signs of oil in 
If a boiler 
becomes coated with oil or grease, shut down the boiler and clean 
it thoroughly. If the amount of oil is considerable, boil out in 
accordance with Par. C-311. 

C-284. Feedwater Treatment. Execute carefully all instructions 
given for the treatment of feed water in your particular boiler room. 
Do not experiment with “home made” treatments or boiler com- 
pounds, unless advised to do so by a che.nist experienced in feed- 
water treatment. 

C-285. Blowing Off. Except where the amount and frequency 
of blowing down is determined by chemical analysis, blow down at 
least one gage every twenty-four hours. The amount of blow- 
down depends upon the number of hours per day the boiler is in 
service, the rate at which it operates and the kind of feedwater used. 
Blow down the boilers at a period in the day when the circulation 
of water in the boiler is slowest. Always open the cock first and 
the valve second; in closing, close the valve first and the cock 
Always open and close the blow-off valves carefully 
and slowly; if unusual effort is necessary to close the valve or cock, 
do not try to force them shut but empty the boiler and find the 
In blowing down, open the cock or valve until it is half 
open and leave in that position until the water is blown down about 
1/, in. in the water glass; then open the cock -or valve wide open 
until the blowing off is completed. See that the valve shuts tight 
and remains tight. Repair all leaky blow-offs as soon as discovered. 
Use the surface blow-off frequently for a short period of time. 

C-286. Where the water glass is not in view of operator blowing 
down a boiler, another operator shall be stationed where he can see 
the water glass and signal to the operator who is blowing down the 
boiler. 


C-287. 


sect ynd. 


cause. 


Leaks. When small leaks occur, locate their source and 
repair them as soon as boiler can be removed from service. If a 
serious leak occurs such as a leak along the longitudinal seams, 
shut down the boiler immediately by gradually reducing the steam 
pressure and have the boiler examined by an authorized inspector. 

C-288. Repairs. 


or auxiliaries while they are under steam pressure. 


Do not make any repairs upon a boiler, piping 
Calking of 
pipes and joints and setting up of nuts and bolts under pressure to 
stop leakage must be prohibited. 

C-289. Removal of Soot and Ashes. Soot should be dusted 
from the tubes once a day; whether a lance or soot blower is used, 
drain the steam or air-supply connections so that the steam or air 
is practically dry. Never use steam for dusting off tubes when 
the boiler is not under pressure. When a boiler is to be shut down, 
dust the tubes before the fire has died out and with the draft on 
after the boiler has been cooled, brush or scrape any hardened soot 
or deposit from the tubes. 

C-290. Remove ashes frequently and do not permit the accu- 
mulation of any large amount of ashes in the ash pit, boilers, 
flues or base of stacks. Do not pile ashes against the furnace 
front and, when wetting down ashes, make sure that no water is 
thrown upon hot castings. Do not leave ashes banked about 
blow-off pipes as a protection. 

C-291. When ashes are removed by a suction system, an ex- 


plosion door shall be provided on the storage hopper. 


against the water which may collect upon the top of the ashes i: 
the hopper and may flow suddenly from the gate when the ashe 
are being removed. When necessary to bar through the gate 1 
release clogged ashes, the operator shall be warned to stand suff 
ciently aside to avoid being burned by the hot ashes or water. 


CARE OF APPLIANCES 


C-292. Safety Valves. Test the safety valves at least one 


day by gently raising the valve off the seat by hand or, whe 
practicable, test the valves daily by raising the steam pressure 

the blowing pressure of the safety valve. If the valve sti 
do not try to release it by hammering; 
boiler and clean the 
be found. 


drop the pressure in 
valve seat or correct any other defect that 1 
Repair or replace leaking safety valves as soon as | 
covered 

C'-298 When 


boiler steam gage and, if the stipulated blowing pressure Va 


a safety valve blows, note the pressure o1 
more than 5 lb. from the pressure noted on the gage, test 


gage. 


gage If the gage is found correct, adjust the salety valve 
"294. Do not permit setting or adjustment of safety Va 
by any one but a competent person. Do not have the water 
boiler above the highest gage cock when setting or adjusting 
valve. When the spring becomes weak and must be screwed di 
to secure the stipulated blowing pressure, make sure that 
spring is not screwed down so far that there is a restriction of 
proper amount of opening of the valve as called for in Pars 
and 284 of the Rules for the Construction of Power 

(-295. Do not open the safety valve to reduce the pre 
in the case of low water in the boiler. 


( e. 26 6. 


Joilers. 


Never set the blowing point of a safety valve above 
authorized pressure of the boiler. 

C-297. When making a hydrostatic test do not try to hold 
safety valve closed by screwing down the spring; blank the \ 
clamp the seat in place or use some other suitable method. M 
sure that the safety valve is placed in good working conditior 
the hydrostatic test has been made 

C-298. Keep scale, dirt or other foreign matter from coll 
between the coils of the spring. When running a wire in the 
hole in the escape pipe to ascertain if it is clear, be careful tl 
wire does not move scale that may fall over the drain op: g 
when the wire is removed. 

C-299. Blow down the gage conn 
frequently and especially when checking the safety valve, 1 Z 
steam in a boiler and when foaming occurs. 

Water Glass. 
broken pieces and, with head turned away from the water c 


Steam Pri SSUT¢E Gage. 


C-300. When a water glass has broken, rem 
slowly open the bottom valve to blow out any remaining 
Before inserting the new glass, see that the glass is of the 
length required and that the connections are in line. hh 
glass and set up the stuffing-box nuts taking care not to set 
up too tight. Then warm the glass by 
of the glass and with head turned aside, open the top valve 
and let a small current of steam flow through the glass 
the drain cock after the glass is sufficiently warmed, open the 
valve slightly and when the level of the water in the glass 
come stable, open the bottom valve wide and then open 
valve wide, all the while keeping the face turned to on 

C-301. Water glasses must be kept clean. Do not clear 
with waste or linty cloth; use cloth, free from lint and dirt 
about a wooden stick. Do not use a metal rod that would 
the glass and start a crack. 


ypening the drai 


HANDLING BOILERS OUT OF SERVICE 


C-302. Cutting Out. To cut out a boiler, first cut off th 
of fuel. In a coal-fired boiler close ashpit and fire doors ani clos 
dampers. In an oil-fired boiler, continue the air supply unt! 
any oil on the floor of the combustion chamber is consumed and the 
gas passages are well ventilated; then close dampers. Alter Me 


boiler ceases to require feed water and the non-return check valvé 
if any, on the steam line has closed, close the main steam stop 
valve. When possible blow off the tubes before the fire has die 
out. Fill the boiler to three-fourths of a glass. 


Vor, 45, No. 6 


Where 


steam-jet ash conveyors are used, see that all operatives are warned 
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Matt 

In 
spec 
mitt 
Code 


JUNE, 1923 


C-303. Cooling Off. After the fires have died out, close all 
rs and open dampers. When the pressure has dropped to 
C-304), clean the furnace of all 
il and ashes and permit the brickwork to cool for not less than 


» hours. the 


hlowing down pressure (see Par. 


When there is much sediment in boiler, longer 


e must be allowed. 
304. Emptying. After cooling off the setting, open the blow- 
the the boiler has 


if it is not feasible to empty the boiler at atmos- 


when been reduced to 


ut 10 Ib 


] 
Valves 


pressure inh 


ric pressure. When the boiler to be emptied is set in a batterv, 

ure the blow-off valves that are opened are on the boiler 

is to be emptied \s soon as the boiler is empty, remove 
nhole plates and covers of other openings 

Cleanir examine boiler frequently determine 


often the boiler should be washed. Wash more frequently 
the boiler runs longer hours per day or at higher rating 
feed Vater bee ne- foul 7 when SCHL solvents t! row down 
( Re inhole and handhole plate , close feed \ ilves, 
outlet VALVE and blow-off valves and hang sigh on boiler to 


te that a man is working inside. 
Use 


»>remove cale 


hose with considerable force or hand tools, if neces- 
Disconnect blow-off pipe close to the boiler 
run the boilers should 
ished from that the 

W r does not get on the brickwork of the combustion chamber. 
8. After washing the boiler pass a light inside and see that 

left 


kerosene in the feed 


Horizontal-tubular 
we I as 


water to waste. 


from below AS above. see 


ining has been thorough and that no tools are inside. 


boile r has been treated with water, 


Second Revision of A.S. 


ARING i> held by 


four vears, at 


\ {] the Boiler Code Committee at east 
. nee in which all interested parties may be 
n ordet that uch revisions may be made as are found to be 

le, as the state of the 
d of the 


Prabsly 
rubile 


art advances. The year 1922 became 
Soiler Code Committee 


Ani ual NM et- 


g the Society in December, 1922, to which the membership of 


second revision and the 
with the re 


Hearing in connection cent 


_ ety and every one interested in the steam-boiler industry 
i ited to come and present their views. 
| Tne convemence of ¢ very one interested, 4 printed schedule 


‘rious proposed revisions had been published and distributed 
se who were invited to attend the Publie Hearing and the 
itv Was the 


ons As a 


given thereat tor careful consideration 


most 


the proposed revi result of the suggestions 


it the Publie Hearing, a number of modifications of the 
rey Vv announced revisions were offered and in addition sug- 
gest were received for still further revisions of the Code. All 
iggestions for modifications and new revisions have been 


nsidered by the Boiler Code Committee and the result 

itions of revisions and additional revisions are here 

it request of the Committee that these revisions be fully 

l cise ussed so that it may be possible lor any one to sug- 
gest ges before the rules are brought to final form and pre- 


the Council ior approval. Discussions should be mailed 


\ Obert, Secretary of the Boiler Code Committee, 29 West 
th st., New York, N. Y., in order that they may be considered 
t iler Code Committee. 
isions here published are limited to the paragraphs ap- 
pear the 1918 Edition of the A.S.M.E. Boiler Code, and 
¢ paragraph numbers refer to the paragraphs of similar number 
0 that edition. 


For the convenience of the reader in studying the 
all added matter appears in small capitals and all deleted 
fatter in smaller type in brackets. 

In vidition, there are here presented the revisions of the material 
Specifications that have been approved by the Boiler Code Com- 
uttee, to replace the specifications in the present edition of the 


Code. | irs. 93 178. 
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ventilate the boiler; do not a naked flame to examine the 


boiler. 


use 


with kerosene if it can be done by 
used, see that the drv and cool. 


Do not remove scale 


If it is 


ke rosene mm 


('-309, 


any other means boiler is 


Do not use 


large quantities in a room where other 

boilers are in service unless special precautions are taken to keep 
the 1 ipors It iping into the boiler-room. Keep all lig! 
way from the boiler except incandescent lamps enclosed i - 
ture-proof glob guard 

C-311 Spr { of the boiler and, after allowing it t 

nd a sufficient time. wash thorough] we 
cop unt 1) ot enter the boiler unt 
bec t rough] \lso ventilat ler |} . 
ing it the next t it ypened, 

C-311. When boiler e ved to become heavily scaled 
or ¢ ited wit! iM il ! ing out as 
ind KETC rie bj ) yell al ew eT vith wate! 
taining 50 Ib da d 5 gall of kerosene to 1000 
gallons of wate Close the boiler and start light fire sufficient to 
carry out 5 Ib Dp! ire l the I el | er nue hoiling 
for two or three d empty the boiler, th ‘ thoroughly 
ind ventilate th ile Use the usual preca nm against 


When cleaning scale from tubes with mechanical hammer 


in Par. C-185., 


period of time 


inclusive 


M.E. Boiler Code, 1923 


Modifications of Revisions 


Par. 250 REVISE FIRST SENTENCES O} 
DecEMBER, 1922, ISSUE OF MECHANICAI 
250 \ 


have the 


rwo FORM GIVEN IN 


I;NGINEERING AS FOLLOWS 


fire-tube boiler with tubes under 5 in. diameter shall 


ends of the tubes firmly rolled and beaded, or rolled, 
BEADED and welded at the firebox or combustion-chamber end, and 


rolled and beaded at the other end. In the case of tubes under 1 


1 


1’ ,| in. diameter, THEY [tubes] may be expanded by the Prosser 
method in place of rolling. 

Par. 30S \DD THE FOLLOWING TO THE REVISED FORM GIVEN 
IN THE JULY, 1922, IssuE OF MECHANICAL ENGINEERING 

l’OR PRESSURES NOT IN EXCESS OF 100 LB., RETURN CONNECTIONS 
OF THE SAME SIZE OR LARGER THAN THE SIZE HEREIN SPECIFIED 
MAY BE USED, AND TO WHICH THE BLOW-OFF MAY BE CONNECTED. 
IN SUCH CASE THE BLOW-OFF MUST BE SO LOCATED THAT THE CON- 
NECTION MAY BE COMPLETELY DRAINED 

Par. 318 \pD THE FOLLOWING TO THE REVISED FORM GIVEN 
IN THE AvuGusT, 1922, IssUE OF MECHANICAL ENGINEERING 

ON BOILERS HAVING MORE THAN 100 SQ. FT. OF HEATING SURFACE, 
rHE FEED PIPE SHALL BE NOT LESS THAN */4 IN. IN DIAMETER 

New Revisions 

Par. 301. Revisep 

Kach steam-discharge outlet over 2 in. in diameter except saiety- 
valve and superheater connections, shall be fitted with a stop valve 
for valves of the outside-screw and yoke type}, located as near the 
boiler as practicable. WHEN SUCH OUTLETS ARE OVER 2 IN. PIPE 


SIZE, THE 
OF THE Ol 


VALVE OR VALVES 
rsIDE-SCREW AND YOKE 


USED ON 
rYPE. 


THE CONNECTION SHALL BE 


MATERIAL SPECIFICATIONS 
GENERAL RULES FOR INSPECTION AND 


S-1. At all times, while work on the contract of 
the purchaser is being performed, the inspector, representing the 


Inspe ction. 
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purchaser, shall have free entry to all parts ol the manufacturer's 
works the manufacture of the 
The manufacturer shall afford the inspector, without charge, all 


which concern material ordered. 


reasonable facilities to satisfy him that the material is being fur- 


| 


therwise 


nished in accordance with the specifications Unless « 


specified, all tests (except check analyses) and inspection shall be 


made at the place ol manutacture, prior to shipment, and shall be so 
conducted as not to interfere unnecessarily with the operation ol 
the works 


Nez Re eclions a Rejections based on tests made by thr 


pure! under the provisions of the specifications shall be re- 


ported to the 


ASC! 
manufacturer within five working davs from. the 
receipt ol samples 

h Material 
acceptance at the manufacturer's works will be 
manufacturer shall be 
Rehea ng 
tested by the purchaser under the provisions of these rules, shall 
he preserved for two weeks from the date of the test 
with the results of the tests, 
facturer may make claim for a rehearing within that time. 

4 Ladle a The shall 


analvsis of each melt of steel, from a test ingot taken during the 


which shows injurious defects subsequent to. it 


re ected, ul d thi 
notified. 


S-5 Samples which represent rejected material, 


report In 


case of dissatisfaction the manu- 


Analyses manulacturer make an 


pouring of the melts, to determine the percentage of carbon, 
manganese, phosphorus, and sulphur. The results of analysis 
shall conform to requirements, and shall be reported to the pur 
chaser, or his representative 

Check Analyses. 6b The purchaser may make an analysis trot 
finished material representing each melt. The chemical com] 
tion thus determined shall conform to the re quirements 

Physical Tests. c The yield point shall be determined by thi 


Kor 


the speed of the crosshead of the m 


drop of the beam of the testing machine determination 


the vield point vchine shall 
not exceed in. per minute when the elongation is taken in 2 


nor exceed 2 in. per minute when the elongation is taken in S in 


f the machine 


\fter the vield pont has heen passed the <peed ( 


may be increased to not more than 2 in. per minute when the elong 
tion is taken in 2 in., nor more than 6 in. per minute when the 
elongation is taken in 8 in. 


SPECIFICATIONS FOR STEEL BOILER PLATE 


N I | i t 1 mere r 
rt f approved rl The Boiler Code Committ 

eels that additional protection should be secured in the 
firebox st 1 has gested to the American Society for tir 
Materials and the Association of American Steel M ct 

t! } nal chemical check realy = Irom the 

plate and in additional tensile test rom the t 
the plate should be provided for this : et Phe re 
of these organizations have not been rece ed and the fir 

that tl pecification will take will depend upon the actior 
these =s l his 
S-5. Classes. These specifications cover two class el 


and FIREBOX. 
shall he 


for boilers, namely: FLANGE 


S-6. Process The steel made hy the open hearth 


process 
The shall 


following requirements as to chemical composition. 


S-7 Chemical Composition, steel contorm to 


FLANGE FIREBOX 
Carbon Plates ; in. thick or under: not over 0.25 per « 
Plates over ; in, thick: not over 0.30 per cent 
Mangane Plates in. thick or under. .0. 30-0. 60 0.30-0.50 
Plates over 3/4 in. thick 0. 30-0. 60 0 30-0 60 
Phosphorus j Acid Not over 0.05 per cent Not over 0.04 per cent 
| Basic Not over 0.04 per cent Not over 0.035 per cent 
Sulphur Not over 0.05 per cent Not over 0.04 per cent 
S-8. Check Analyses. As a substitute for check analyses in the 


general rules, the purchaser may make an analysis from a broken 
tension-test specimen representing each plate as rolled. The 
chemical composition thus determined shall conform to the re- 
quirements. For firebox steel, the purchaser may also make an 
analysis from a bend-test specimen representing each plate as 
rolled. The chemical composition thus determined shall not ex- 
ceed the requirements by more than 10 per cent. 
S-9. Tension Tests. a The material shall 
following requirements as to tensile properties: 


conform to the 
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Fi 
Pensile strength per Ooo 000 
Vield point, min., Ib. pet it O 5 ter tt 0 
Elongation in S-in., min. per cent 1.500.000 | oo 
See Par 10 Der tr I 


h Should the above rule low allowable elo. iv: 
than 


elongation shall be take 


THVEEVETEULIN 


value less 25 per cent for firebox steel, the mu 


} 


As 25 per cent subject to the modi 








given 
ce The tensile strength of the test specimen taken longitud 
from the top of the plate for firebox steel shall not exe 700) 
Ib. per sq. in 
S40. MaediGcetions in Glewadin For waterial ove: 
in thickness, a deduction from the percentages of elongat 
fied of 0.125 per cent shall be made for each increase of 
specified thickness above * 4 in. to a minimum of 20 per 
bh For material » in. In thickness, the elongat 
sured on a gage length of 61 
S-11 Bend Test. The bend-test specimet his 
through 180 deg. without cracking on the outside of the be 
as follows: For material 1 in. or under in thickness, ar 
the diameter of which is equal to the thickness of the spe 
and for material over 1 in. in thir kness, around a pou 
of which is equal to twice the thickness of the spe 
S-] 2 Homogeneity Tests For firebox steel 1 sal 
from a broken tension-test specimen shall not show 
seam or cavity more than in. long in either of the three fra 
obtained in the test for homogeneity, which shall be mad 
The specimen shall be either nicked with.a chisel y 
ona machine, transverselv, about lt deep thre } 
2 in. apart Che first groove shall be made 2 in. from 
end: each succeeding groove shall be mad 
from the preceding one. The specimen shall thet 
in a vise, with the first groove about n. above 
projecting end broken off by light blows of a 
being away from the groove. The spe en sl e | 
other two grooves in the same manner Phe obj I 
open and render visible to the eve any sean 
or to interposed foreign matter, or anv cavities due 
nthe n got One side of each fracture shall be « 
length of the se ind eavities deter 
sec] EPC nr 
S T% S 1 est 
leg vitudi m the botte | 
ad benad-te ) ns ill bet en transvers 
the top o e finished rolled iterial Ph 9 
specimet ali te take ] the cline l 
of the ingot, and the tr verse-test spe rig 
that axis. For firebox steel, an additional tension 
shall be taken longitudinally from a top cor the . 
material 
4 Tension- and bend-test specimens shall be of the full t 
of material as rolled, and shall be machined *o the for 
sions shown in Fig. 1; except that bend-test specimer 
machined with both edges parallel 
Fig. 1, A.S.M.E. Code [1918], page 13. to be inserted 
S-1]4 Vumber of Tests a One tension ind ¢ 
shall be made Irom each plate “as rolled hor firebox 
additional tension test will be made from the top of t 
Tensile strength only will be determined from this specime - 
bh If any test specimen shows defective machining ot ( 
flaws, it may be discarded and another specimen substituted 0 
ec if the percentage of elongation of any tension-test s} R 
is less than that specified and any part of the fracture i- 
the middle third of the gaged length, as indicated by the , 
scratches marked on the specimen before testing, a retest | 
allowed. . 
S-15. Permissible Variation. The thickness of each plat 
not vary under the gage specified more than 0.01 in. (The 
weight limits are considered a matter of contract between t! 
manufacturer and the boiler builder.) P 
S-16. Finish. The finished material shall be free ft 189 
jurious defects and shall have a workmanlike finish. Ottsic 
S-17. Marking. a The name or brand of the manufacturer, @ 4 
the manufacturer’s test identification number, class and lowe! a 





west 


SPECTFIE¢ 


‘\. 


LSU cle 


OULSICe 


Ss. 


trength specified si 


two places 





ill be legibly stamped on each finished 


ind on each 
end 


ritsl. ‘ , ’ i 
vil? Sted 


not less than 12 in. from the edges 


from ene 


12 


ill be | 


center line not less than 


rer s test ick ition number sh 


ritutie 


rervev uty 


LATIONS FOR STEEL BOILER RIVETS 


' { 
‘ 
Ter 1 Che bars shall conform to the ving 
ent ‘ t ¢ pl M 
I 
. ) 
I 
! 
hb ] ( iB / al! 
1 thy y st) go. flat \ t i y 
{ t ty 1 } 
h-B | | te ( \\ ( ed 
har ] t} t le than L200 deg i 
ed a \ r the te erature of which is betw 
LOO ‘ ISO cle fl 
t uy t 1 j i 1 
l S " all bye 
iS 1 ind bend-test. sp . 
{ i \ | ized e% 
\ iv Iw ol Tw | ‘a | 
( ‘ i i I ‘ ‘ 
‘ ect i 
‘ ( \ raed 
vt ite 
| ( it i! { s | 
na a il i ) e tracture 1 its] { 
i ¢ ged leng i dicated by serib ra 
rie ( ( testing, a re t il iM lowe 
pP | (rag | { dia eter ea 
hot var t specified more than the amount giv 
wing ta 
\ 1) ‘) | 
) l | ‘) 
I I I I 
) '?} t) ¢ 
to | ao ool a 
l “0 i) ob] () l 
’ | { ols oo ‘) ) 
? if t) ¢t) ft) t) 
Finisi The finished bars shall be fre onl myul is 


A 


1 shall have 
Va } 


separated 


a workmanlike finish 
ing Rivet bars shall, when loaded for shipment, be 
and th brand of the 


and the The melt 


marked with 
melt 


shall be legibly marked on each test specimen 


hame Of; 


turer number for identification 


B—REQUIREMENTS For RIVETS 


Bend Tests. shank shall cold through 


The rivet 
flat on itself, as shown in Fig. 2, without cracking on the 


bend 


of the bent portion. 


Flattening Tests. a The rivet head shall flatten, while 
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ot, to a diameter 2 Lis 
hig. 3, without cracking at e edg 
bh Three bend and three flattening t ' 
‘ each | t ( 
form to the requirement Carl 
Figs. 2 and 3, A\S.M.E. Code [1918], p IS 
S-29. P ble 1 
sured a t bet 
Te y ; 
f 
i 
{ 
I | 
0) 
() 
() 
a 
The d rive ead i 
er C4 i 
SPECTFICATIONS FOR STEEL STAYBOLT 
\ \ HT] \ “ty 
) ‘ er B t 
ne ePXCE t ( ( 
I 
| ‘ g P 
S S ] S ~ 
read , , ‘ 
5 i st eX ) y 
| ? ' , 
( ( j | " 
rs St, | 
/ Ri 
/ | 2500 
en 
Po . and g 
I ‘ 00 
eY y it 
uv ) is iced i 
ed | tw To t la 
Ladle lysis 
The n U yu bars wi 
\ P | ( ~ l or 
ivbolt t exceeding | Lhe ( 
‘ Lhe ill | 1 vithin O.OL1 j ' 
ore than 0.005 inder « ( OO] \| 
bars for stavbolt ' ep am er 


SPECIFICATIONS FOR STEEL BARS 


proces 
S-3/ Chemical Composition The ste shall m t 
following requirements as to chemical COMpPOsItlol 
A Not , 0 
Phosphor | Bask Not over 0.04] n 
sulphur Not over 0.05 1 ' 
S-35. Tension Tests The material shall conform to 
following requirements as to tensile properties 
Tensile strength, lb. per sq. in 55,000-65,000 
Vield point, min. per sq. in 0.5 Tens. Str 


Elongation in S-in., min. per cent 1,500,000 


Fens. Str 


Elongation in 2-in., min., per cent 2th 


~ 


the 
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S-36. Modifications in Elongation. For material over *,s in. S-46. Chemical Composition. The castings shal! conform to t! 
in thickness, a deduction from the percentages of elongation speci- following requirements as to chemical composition 
fied of 0.125 per cent shall be made for each increase of '/3 in. of the 


we j : : CLass A C1 B 
specified thickness above */, in. Carbon ss Not over 0.45 per cent 

‘On > ry mp . ~*hosphorus ! °! ot over 0.07 per cent 

S-87. Bend Tests. a Test specimen shall bend cold through 180 se Phorus ) pasic Not over 0.06 per cent Rist Giote O i ieee a 

° ° . . . » ) roo ) 

deg. without cracking on the outside of the bent portion, except as 9 "™/P2"" Not over 0.05 per 
specified in section b, as follows: For material 1 in. or under in For Class B Castings Only.) 
thickness or diameter flat on itself; for material over 1 in. to and 8-47. Tension Teele. a The castings shell conform to % 


including 1'/» in. in thickness or diameter around a pin the diameter 


ah rR ae : following minimum requirements as to tensile properties 
of which is equal to the thickness or the diameter of the specimen; 


: P ; ° , , Yield point, Ib. per sq. in 29 250 
and ior material over ty 2 In. 1n thickness or diameter around a Elongation in 2-in., per cent 1,600,000 
pin the diameter of which is equal to twice the thickness or diameter Fens. Str 
of the specimen. Elongation in 2-in., per cent—not k than 24 
b The 1-in. by '/;-in. test specimen for bars over 1'/ in. in thick- Reduction of area per cent 2,600,000 _ 


hess or diameter shall bend cold through 1SO deg. around a? -in. 7” _ 


pin without cracking on the outside of the bent portion. 
S-388. Test Specimens. a Test specimens shall be of the full 


} 


Reduction of area per cent—not k than 


The tensile strength shall be reported as informatiot 


S-48. Alte rnative Tests lo dD: fruction In the CAs of ore 


thickness or diameter of material as rolled, except as specified in. eae : 
including only castings not exceeding 150 Ib. in weight. a test 


sections } and ec. 


apis ‘ : ‘ . destruction of one casting from each 100 castings or smaller 
b Test specimens for shapes and flats may be machined to the _ 


r the tension tests, at the option of the 


. - : . e ; mav be substituted fe 
form and dimensions shown in Fig. 1, or with both edges parallel. 


c Test specimens for bars over 1'/, in. in thickness or diameter 
may be machined to a thickness or diameter of at least , in. 


spector. This test shall show the material to be duc tile res 
injurious def cts, and suitable for the purpose inte nded 


S-49. Test Specimens. a Tension-test specimens shall be t 
lor a length ot at least 9 in.; or tension-test specimens may contorm f : : : pec ‘ ' 


to the dimensions shown in Fig. 4. Bend-test specimens may be 1 
in. by '/> In. in section. 

S-39. Number of Tests. a One tension and one bend test 
shall be made from each melt; except that if material from one melt 
differs */s in. or more in thickness, one tension and one bend test: . 
shall be made from both the thickest and the thinnest material 27¢ 8 D€ taken = all remain attached to the castings or blocks 
salted represent through heat treatment and until presented 

b If any test specimen shows defective machining or develops 
flaws, it may be discarded and another specimen substituted. 

c If the percentage of elongation of any tension-test specimen 
is less than that specified and any part of the fracture is more than 

, in. from the center of the gage length of a 2-in. specimen or is 
outside the middle third of the gage length of an 8-in. specimen, as 


from test bars cast attached to the castings where practl 


“ee” ' 
If the aesign of the castings 1s such that test } irs should 1 


1g 
attached to the castings, the test bars shall be east attaches 
special blocks of which a sufficient number shall be provided 


each lot Ol castings Test bars trom wl ich tensilon-test sp 


spection. Test bars shall be provided in sufficient numbe 
furnish the tests required 

bh if satisfactory to the manufacturer and it spector, tel 
test specimens may be cut from heat-treated castings instead 
from test bars. 


c Tension-test specimens shall conform to dimensions show: 


° . e . e . Fig. . +3 Ee s shi be if s fo 0 e holders o the t 
indicated by scribe scratches marked on the specimen before testing. ;. der ends shall be of a form to fit the holders of tl 
: : ing machine in such a way that the load shall be axial. 
a retest shall be allowed. ) Bend-teat “hall | alee pug es 
S-40. Permissible Variation in Gage. The diameter of each © DORESOt EPCCURERS SAE HO MACUNSE LO f Ih. 57 - 


tion with corners rounded to a radius not over ! 16 IN 


bar shall not vary from that specified more than the amount given te “> ; 
. S-50. Number of Tests. a One tension test shall be made 


in the following table: Tae 
each melt in each treatment charge, and from each casting weis g 


Variation in Diameter Out of Round 500 Ib. or over when specified, 





Diameters, Under, Over, b If any test specimen shows defective machining or de 

In. In. In. In flaws, it may be discarded; in which case another specimen fror 

Up to */2, inclusive. . 7. pepnete 0.010 same lot shall be substituted. 

Over !/2: to 1, inclusive ...... 0.010 0.010 0.0138 . , . ; 

Over 1 to 1!/«, inclusive 0.012 0.012 0.016 c If the percentage ol elongation of any tension-test specu 

Over 1!/; to 1/2, inclusive. . 0.015 0.015 0.021 less than that specified and any part of the fracture is mor 

Over 1'/2 to 2, inclusive ; . -0.022 0.022 0.026 4 in. from the center of the gage length, as indicated by 

Over 2 to 2} 2 inclusive. . 10 - Uv Ved scratches marked on the specimen before testing, a retest sl 

Over 2'/2 to 3, inclusive ! 64 0.035 : 

allowed. 

S-41. Finish. The finished material shall be free from injurious S-51. Retreatment. If the results of the physical test f 
defects and shall have a workmanlike finish. lot do not meet the requirements specified, such lot may 

S-42. Marking. Bars shall, when loaded for shipment, be ‘reat d, but not more than twice. Retest shall be made as spe 

. . 5D 7 > . ‘ ; , ] . } 

properly separated, and marked with the name or brand of the S-52. Workmanship. Castings shall conform substantia 
manufacturer and melt number for identification. The melt the shapes and sizes indicated by the patterns and drawing 
number shall be legibly marked on each test specimen. mitted by the purchaser. 





S-538. Finish Welding. a Castings shall be free from in 
defecis. 

b Defects which do not impair the strength of the casting 
be welded by an approved process. The defect shall be « 
out to solid metal, before welding, and when so required by th SPE 
inspector, shall be submitted to him in this condition for his ap; 

When required by the inspector, important castings shall 
treated after welding. 





SPECIFICATIONS FOR STEEL CASTINGS 


S-43. Material Covered. These specifications cover two classes 
of castings, namely: 

Class A, ordinary castings for which no physical requirements 
are specified ; 

Class B, castings for which physical requirements are specified. 

S-44. Process. The steel shall be made by one or more of the 
following processes: open-hearth, electric-furnace, side-blow con- SPECIFICATIONS FOR BOILER RIVET, STAYBOLT, Sp 
verter or crucible. AND REFINED BAR IRON 

S-45. Heat Treatment. a Class A castings need not be annealed 
unless so specified, or unless the carbon content exceeds 0.30 per S-54. Process. The iron shall be rolled from a bloom, sla 
cent. or box pile made wholly from reworked all-pig puddled iron & SP 

b Class B, castings shall be properly annealed, the treatment reworked knobbled charcoal iron. For rivet and staybolt iro! 
depending upon the design and chemical composition of the castings. the puddle mixture and the component parts of the bloom, sla!) pile 
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r box pile shall be free from any admixture of iron scrap or steel. 
Staybolt iron shall be double worked, i.e., twice piled. 
Physical Properties and Tests. 
» the following requirements as to tensile properties 


S55. a The iron shall conform 


RIvet STAYBOLT BAR 
IRON TRON IRON 
le strength, lb. per sq. in., not « t 52.000 2.000 ,.000 
ld point, lb. per sq. in., not le thar 28 000 20 000 x 000 
neation in Sin., not le thar -S percent JU per cent 25 per cent 
Round Section 
duction of area, not ke thar 15 per cent 48 per cent 40 per cent 


Round Section 
Cold-Bend Tests. R et Tro a The test specimet! 
ill withstand cold through 1S0 deg. flat on 


thout fracture on the outside of the bent portion. 


Sila tholt Tro 


\ i 
being bent itself, 
h The test specimen s iall withstand being bent 


d through 180 deg. flat on itself in both directions, without frac- 
re on t he outside ol the bent portions 


Bar Tro e The 


ugh ISO deg 


test specimen shall withstand 


elng bent cold 


| 
without fracture on the outside of the bent portion, 


ind a pin the diameter of which is not greater than one half 
yjuare ¢ ( thickness or diat eter of the specime 
‘ \ Bi Test Phe st specimen whe nicked 25 
( round round | ind along one l¢ flat bar 
i tool ivi OO) cle cut gy edge, to dept} ol not le thar 
‘ r cent or more than 16 per cent of the diameter or thickn 
e speci nd broker vy a Wholly fibrou vcture 
] T Lhe ection « e te pecimen shall 
ind or polished, and etched for a sufficient period to develop 
icture lor rivet and stayb« iron this test sha how the 
il to have been rolled from a bloom, slab pile or box pile and 
ree from ste r bari the structure shall be uniform and 
om stee] 
4, Test Specimer Test specimens shall be of the full 


1 of material as rolled. 
0. Number of Tests. a All bars of 


be piled separately, sorted in lots of 


a given grade and size 
b 100 each 
be selected at random from each lot or fraction thereof and 
l as spec ified; but only one of these bars shall be etch-tested. 


lf any test specimen from bars originally selected to represent 


Two bars 


of material contains surface defects not visible before testing 
isible after testin 
iddle third of 1 
ed and one retest 


‘ I. Pi rmissible 


g, or il a tension-test specimen breaks outside 
he gage length, the individual bar shall be 
a different bar will be allowed 


| ariations in (raq The diameter ol each bar 


Irom 


not vary from that specified more than the amount given in 
llowing table 


\ t Diamet Out R | 
iam [ ler Over 
I I In I 
. Inclusi + O07 0 007 0 O10 
) to 1 oO O10 0 O10 0 013 
) l to 1 i r Oo O12 0 O12 O O16 
) sto l O OLS 0 O15 0 O21 
to 2. ime ) Ov 0 022 0 O23 
) to 2 j 4 0.023 
0) to 3, inclu ( ‘ 0 035 
| widths or thicknesses of flat bars shall not vary more than 


cent from that specified. 

y Finish. The 

depressions, crop ends, seams and evidences of being burnt. 

=f Varking. The bars shall be stamped or otherwise marked 
designated by the purchaser. 


bars shall be smoothly rolled and free from 


SPECIFICATIONS FOR LAP-WELDED AND SEAM- 
LESS STEEL AND LAP-WELDED IRON 
BOILER TUBES 

Based upon A.S.T.M. Spe« 


4 


ifications AS3-221 

omprises Par S.6§4-—-S-8\ 

SPECIFICATIONS FOR GRAY-IRON 
Based A.S.T.M 


Pars, 5-81-S-90 


CASTINGS 
upon Specifications A4S—-18 


(comprises 


SPECIFICATIONS FOR MALLEABLE CASTINGS 
Based upon A.S.T.M. Specifications A47-19 Revised 


Comprises Pars. 5-91-—S-98 
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SPECIFICATIONS FOR COPPER PLATES 
Based upon A.S.T.M. Specifications B11-—18 
omprises Par og 1a 
SPECIFICATIONS FOR COPPER BARS 
BOLTS 
Based upon A.S.T.M_ Specificatior s12-21 
Par 110 


FOR STAY- 


SPECIFICATIONS FOR SEAMLESS COPPER BOILER 
TUBES 
Based uy A.S.T.M. Specificatio: B13-18 
Par 21 


Recent Developments in Balancing 
Machines 


() I ea of ft | iratu i it 1700 
1 p ' 
r.p.1 | i 0 10.000 
ry) 
Phi 
rmature l , e | } 
; p winter N | ‘ t 1)! ( 
| 
} a he > 
Uunbal l t ‘ | trea os 5 
thus cl g thie \ Pr i g ( ! e 0 
1 
( hea i ‘ ( l 
i I | lle { , r 














MopiFiep 


BALANCING MACHINE SLIGHTLY 


the othe r end of the armat ire This weight is recorded by the 


vibrating reed. The treadle is then released, stopping the driving 


motor almost instantaneously. The recorded weight is applied 


armature is again rotated. The 
second amplitude will indicate if this arbitrary location 


or not, 


at an arbitrarv location and the 
1 is correct 


weight 


correctly. 


Three to four trials usually locate th 


The carriage is then moved into the plane where the first weight 


was applied and the same procedure is repeated. 
tion consumes but a few moments. 
Fig. 6 shows the same machine 


The entire opera- 


slightly modifie l 
reed 1s attached to one end of the 


The vib iting 
vibrating bed \s 
this, the reed does not record the angular deflection of the 
uniform measure for all Variation 
found to be The production of this 
machine is about 20 armatures per hour at the present time. It 


a result of 
bed 
In a 
was 


fulerum locations. This 
negligible, however. 
may be increased considerably as the operator gains in experience. 
The accuracy of the balancing result is +0.00008 Ib. at */, in. 
radius, the two balancing planes being 1 in. apart. 
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Safety Code for Mechanical Power-Transmission Apparatus 
. 
A Code Now Proposed for General Adoption by the Industrial Accident Boards and 
Commissions of the Various States 
° In the November, 1920, issue of ‘‘Mechanical Engineering’ the for The code itself is divided into six parts, each wit Suita 
mation of a Sectional Committee to develop a national Safety Code for subdivisions. These parts have to do respectively with pri 
Mechanical Power-Transmission Apparatus was announced. This movers, mechanical power-transmission equipment, starting a 
committee was organized under the Rules of Procedure of the American = stopping devices, guard standards, operating rules, and discu 
Engineering Standards Committee and has for its sponsors the Inter ‘ 
national Association of Industrial Accident Boards and Commissions, Prime Movers 
The National Workmen's Compensation Service Bureau, and The Ameri This part of the eode is very brief and offers no complieat 
P can Society of Mechanical Engineers. in the carrving out of its requirements, concerning itself sin 
During the progress of the Sectional Committee's work a number of with the guarding of flvwheels, cranks, connecting rods, tail r 
drafts of the code were prepared and passed upon by its 24 members and governor balls. As will be observed in this section, and 
Later printed proofs were circulated to approximately 400 persons known fact, largely throughout the code, alternative methods of gua 
to be interested in the development of this code. These included manufac- ing have been presented wherever possible 
tures of this equipment, users of the equipment, and safety-code enforce Flywheels located so that any part is six (6) feet 
ment officers platform shall be guarded in one of the following wa 
All the comments offered as a result of this circularization were care- a) With an inclosure of sheet, perforated, or expanded m 
fully considered at a mecting of the full Sectional Committee and a revised wee Se a a a a 
draft of the code was subsequently prepared. This revised draft has than twenty (20) ineh a frees dim. When fiywheel extends int 
now been formally presented to the three sponsor bodies for approval within 12 inches of floor a standard toe board shall also be provide 
and adoption, actions which are obviously necessary before this safety ‘ sos the ~raggete cate of flywheel protrudes thi ' pS eee 
code can be transmitted to the American Engineering Standards Committee ‘ . we Pte ge negate page by a oor; le = : \ . 
for approval as a Tentative American Standard. where the preceding methods cannot be applied, the following 
The following abstract of this code was prepared at the request of the used \ disk attached to the flywheel in such manner as t 
r A.S.M.E. Standing Committee on Safety Codes by Carl B. Auel, one of ns 7009 ny ong eng via nly d ee ros , a “di ' chose a . 
its members who is also one of that society's representatives on this Sec erate metres fo soillicar as Zh ded rag oye dtl " ae “= l fe ee 
tional Committee and is serving as its chairman side edge of the disk and the rim of the wheel if desired, to facilitat 
the wheel over Where a disk is used, the ke or other 
4 le Safety Code for Mechanical Power-Transmission Appara- _ jections not covered by disk, shall be eut off or covered 
tus, as it now stands, is the result of a very considerable Nott Phis does not apply to flywheels with solid wel t 
amount of study over a period of many months. The Com- ©) Raper Gused te Se wna Fer lading came or fers 
; ; ment may be provided at the flywheel of gas or oil engine \ 
mittee did not rely alone upon the judgment of its members, for iack bar ‘oil be permitted 
but had as well the benefit of the advice and experience of many Cranks and connecting rods, when exposed to cont 
experts, who willingly placed themselves at the service of the Com- — in accordance with Part IV, Sections 40 and 41, or i guard 
mittee in various ways. scribed in Part IV, Rule 424 
Following the trend of more recent efforts in safety work, the poe iy ne en, Piston rods shall & 
~ ‘ : ’ Part IV, Sections 40 and 42, or b guard | sid 
code is an endeavor to combine the best, both with respect to theory clearance of not less than fifteen (15) inehes when rod 
and to practice; and, where these seemed occasionally at variance Governor balls six (6) feet « r less Irom the floor or other work 
decision was reached only after careful consideration as to whic Lees om one: hall be pt eee ee 
should be followed. _ ’ : 
It is therefore reasonable to assume that while the code, as MecHANICAL POWER-TRANSMISSION EQUIPMEN 
time goes on, unquestionably will undergo modification and im- ee eee . w to d 
provement, it nevertheless in its present form offers adequate |) i.con equipment. constitutes the : 
protection to the workers in industry. ing, pull iy Ee ropes, gea acces 2 
SCOPE keys and other projections Olli nig ' 
his code applies to all moving parts of equipment used in the me« ani A Oe , 
transmission of power, including prime movers, intermediate equipment Shafling \dditional to the nee ty ot Une ‘+ 
and driven machines, excluding point of operation all eXpost d shafting when six feet or less from the floor 
Nott The safeguarding of all connecting rods, cranks, flywhee platforn or unless at least fifteen feet above dri 
shafting s] indles pulleys, belts (except flat belts one (1) incl or less emphasis is placed on the need for securing shafting 
width or round belts one-half ('4) inch or less in diameter), link belts : : : 
chains, ropes and rope drives, gears, sprockets, friction drives, cams, coup horizontal, vertical, or melined, against excesst eCnay 
lings, clutches, counterweights, revolving or reciprocating parts, up t ment 
but not including point of operation, also all bolts, keys, set screw oil Projecting shaiting ends are not permittec, except whe 


cups or similar projections, shall be included in and be in accordance with 


: by non-rotating Caps or satety sleeves 
the provisions of the Mechanical Power-Transmission Code ' 


It is realized that the guarding of shafting in the reg 


INTERPRETATIONS AND EXCEPTIONS manner would involve an unnecessary expense if the ru 

The purpose of thie code is to provide reasonable safety for life, limb made universally mandatory. Exception has theref 

“i and health. It should be liberally construed and applied by enforcing made in the case of shafting located in basements, used ex¢ 
authorities to secure these results and in cases of practical difficulty o lor power-transmission equipment, by the following pro 

unnecessary hardship, exceptions from the literal requirements may be 

granted so long as equivalent protection is secured. Where specific devices When belts, pulleys, and shafting are located in basements, t 

or methods are mentioned in this code, other devices or methods which rooms used exclusively for power-transmission equipment, the 

will secure equally good results may be used, subject to the approval of ments for safeguarding may be waived if the following condition 
the enforcing authority. 1 The basement, tower, or room occupied by transmission eq 

' shall be locked against unauthorized entrance 

DEFINITIONS 2 The vertical clearance in passageways between the floor and 


. ee : 7 : transmission beams, ceiling or any other objects, should not be 
In order to clarify the text, it is prefaced by definitions of a _ five (5) feet six (6) inches. 
number of the terms used; as, for example, the term ‘exposed 3 The intensity of illumination shall conform to The American 1 





to contact” is ‘interpreted as meaning that the location of any '® Standards Code for lighting of factories, mills, and other wor ; ( 
inet j / Bink 3 ‘ a Me :iehe contest wilt t 4 The footing shall be dry, firm, and level 
object is such that a person is liable to come into contact with i & ‘Vine niche Diineed tap Ge Gdlar hell be oicintted ta ewth 0 we ; 
and be injured. to prevent accident 
384 F 
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Pp? ‘ Pralle i! required ton te guarded Wogan part ine 
t ] { ] {] \ r} | horn byt? lif t , 
a or les from the Toor or working pial orm: | nodilhncation 
ide in this requirement when thev serve as balance whee 
pie on pu press¢ the eo providing that 
‘ | ‘ x tor rol the rw 
bn t ‘ th the rd f 
1\ Sectiol Tt } l ervil } } 
\ ht it t Iw - t j 
‘ t ror t ' iw 
t he 
| ce to the nearest fixed pouabie elute or | eer eEXCeCE 
It} the belt used. Overhanging pullevs, where there 
! bet we 1! nd the outer end ¢ ne st ting 
( pre led th guides 
1] t | } key riy rl lels 
rurile wit! acked oF roken | ‘ | 
Is¢ comp ol vood pulley ocatiol yhere 
] ; ‘ ; ‘ 
( ‘ biected ec ‘ o the action of 1 ist 
\\ rhing ‘ ‘ yy ! 1 7 a ting pull 1 exce 
Th 
‘ ’ t 


‘ ‘ 
IV. s { 
I 
I 
( < : 
’ 
( a wit te t pre 
. = pe be fr 
«it t De C1 ed ri 
Part IV, Sect 1) and 42 
for inclined belt hall be arranged in such a manner that 
e of six (6 et six (6) inches is maintained betweer 
f t point outside of guard 
elts running over a lower pulley more than six (6) feet above 
tiorm shall be guarded at the bottom in the same manner as 
erhead belt if*conditions are such as tated in Rule 220-c, 


lley drive with all parts of the lower con 
more above the floor need not be guarded 
e pulley is less than three } 
be 


pulley three } 
Where any part of the 
feet from the floor, the pulley and 
guarded in accordance with Part IV, Sections 40 and 42 


irs, sprockets, and chains are to be 
e following specifications: 


guarded in accordance 


A complete enclosure. 


\ standard guard six (6) feet high extending six (6) inches above the 
point of the gears. 
By a band guard covering the face of gear and having flanges ex- 


d inward beyond the root of the teeth on the exposed side or sides. 
‘here any portion of the train of gears guarded by a band guard is less 
ul IX (6) 


feet from the floor a disk guard or a complete enclosure to the 
. he ig! t of six (6) feet shall be required. 
_‘\ll sprocket wheels and chains shall be enclosed unless more than seven 
‘) leet above the floor or platform. 
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| T 
( ( ( 0 ‘ 
~ ‘ STK 1) 
( Tec | 
Reg i te 
\\ 
‘ 
\ 
P, ( 
( 
(x1 RD SI | 
Und ' een included 
( nstructiol cit vls ¢ ousarads id methe - } 
expanded metal perforated o1 olid sheet metal ned 4 ’ 
} 4 ] 
mesh on a metal frame have been fixed hes dara 
for guard construction 
1) Sta lard condit W tn ~¢ ired ( 
mater Expanded met perforated or 1 sheet me 
mn a irame e 1rol r iron pipe se ire i 
of machine 
bh) All metal should be free from burrs and sharp edges 
Wire mesh should be of the type in which the wire re 
fastened at every cros point either by welding, solider I 
except in case of diamond or square wire mesh made of N l4 gag 


;-in. mesh or heavier 

In the design of guards emphasis Is placed on the desirability 
of making them with hinged sections or removable, 
necessary to change belts, make adjustments, or oil parts 


where it Is 


Considerable space has been given to details of guard manutac- 
ture with information as to 
Illustrations are also used. 


sizes of materials, clearances, et¢ 
The code closes with a few of the more important rules in the 


care and operation of equipment and a brief discussion of thy 


reasons leading to the adoption of certain features. 

















Résumé of the Month 


A—REsEARCH RESULTS 

The } t} ection of Eng e¢ ng Research / ] 4} 

arcl ’ tion which has been cor ected. ft a résumé reh 

alt } mulas or curves where such may be readily given. and t 
results fy 3 “te 4 a hy hich iti n f # n tigate ad 
not warrant a pape 
Fuels A3-2 How STEAM PrRopwctTION Costs WERE REDUCED IN A HAND- 

Firep Return-TuBULAR BorLeER PLANT. See Steam Pou 11-23 


anD Bituminous COAL FOR 
AsT-IRON BoILerR \ 
made at the Pittsburgh experiment 


VALUE oF CoKE, ANTHRACIT! 
STEAM IN A Low-PRESSURE ( 
series of steaming tests recently 


Fuc 14 


GENERATING 


station of the Bureau of Mines are described in a pamphlet known as 
Pechnical Paper No. 303. This paper was prepared by Messrs. John 
Blizard, James Neil, and F. C. Houghten. 

The primary purpose of the tests was to determine the relative 


steaming values of coke, anthracite, and bituminous coal when burned 
in a low-pressure boiler, and fired by hand in fairly large quantities at 
a time. 

{4 secondary purpose of the tests was to separate the heat losses, and 
to examine them carefully to determine the change in efficiency with 
the method of firing the fuel and manipulation of the draft dampers, 
with the rate of evaporation, and with the various fuels burned. 

Other purposes may be mentioned, such as determination of the draft 
used, temperatures and composition of the gases in the flues, furnace, 
and combustion chamber, and other factors affecting the operation of 
the boiler 

Before these tests were completed, some special tests were run at the 
request of the Chamber of Commerce of Pittsburgh, to compare the 
steaming value and smoke emission of mixtures of coke breeze and 
Pittsburgh coal with those of the latter alone; results of these tests are 
also embodied in this report. 

Address the Superintendent of 
Office, Washington, D. C. 


Documents, Government Printing 


Price per copy, 10 cents. 


Industrial Management A1-23. How Steam Propvuction Costs WERE 
REepUCcED IN A HANpb-Firep RetTuRN-TUBULAR BOILER PLANT. See 
Steam Power A1-28. 

Instruments and Apparatus A1l-23. TrestTinG oF BAROMETERS AND ALTI- 


METERS. This Circular of the Bureau of Standards, No. 46, describes 
the mercurial and aneroid barometers at the Bureau and 
announces the fees which are charged for the various tests. 
Address the Superintendent of Documents, Government 
Office, Washington, D. C Price per copy, 10 cents. 


Machine Tools Al-23. LATHE BREAKDOWN Tests oF Some HiGH-Speep 
Too. Streets. This report known as Technologic Paper No. 228 was 
prepared by H. J. French of the Bureau of Standards and 
Strauss of the U. 8S. Naval Gun Factory. In it, comparative lathe 
cutting tests reported for about 25 brands, representing 
compositions. 

Important conclusions drawn from the described tests may be sum- 
marized follows: 

1 Breakdown tests, in which endurance of 
under definite working conditions, are not satisfactory 
purchase ior high-speed tool steels. 

2 In 3 per 
cent nickel-steel forgings, in which high frictional temperatures were 
produced, it was found that the performance of commercial low-tungs- 
ten-high-vanadium and cobalt steels was superior to that of the high- 
tungsten-low-vanadium type and special steels containing about 1/4 
per cent uranium or 3/, per cent molybdenum. The average power 
consumption in all cases was practically the same. 

3 Modification in test conditions, including small changes in tool 
angles but principally changes in cutting speed, more murkedly affected 
the performance of steels containing cobalt or special elements, such as 
uranium or molybdenum, than that of the basic types (plain chromium- 
tungsten-vanadium steels). 

4 The relatively poor endurance of the high-tungsten steels under 
severe working conditions was not observed in more moderate tests, 
made on the same test log with equal cutting speed and depth of cut 
but with reduced feed, in which the frictional temperatures produced 
were not so high. Also in these latter tests the performance of the 
cobalt steels was better than either the low- or high-tungsten steels. 

5 Hardness determinations and examination of fractures indicate 
that the various types of commercial high-speed steel show differences 
in behavior under heat treatment andin physical properties which prob- 
ably are of importance under moderate working conditions and might 
counterbalance slight advantages in performance. 

The paper contains fifteen tables. Address the Superintendent of 
Documents, Government Printing Office, Washington, D. C. 
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certain severe breakdown tests with roughing tools on 
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ENGINEERING RESEARCH 


A Department Conducted by the Research Committee of the A.S.M.E. 


Non-Ferrou Vetal Lj SOLDERS FOR ALUMINUM. Most of 
metals commonly used in solders, except) magnesium ire elect 
positive to aluminum, so that any metals used in making a solder 
joint of aluminum act electrolytically in the presence of moist 
accelerating the corrosion of the aluminum Magnesium cant 
utilized because it disintegrates rapidly in the presence ot me t 
Soldered joints of aluminum exposed to moisture should be prote 
by paint or irnish. Various compositions of zine-tin and 
aluminum solders give the best results. The tensile strength of a 
aluminum solder is about 70001 b. per sq. in. Those with higher t 
strength usually have such a high temperature of complete liquidat 


Steam Power Al > 





that they are unsuited for soldering purposes 
Circular No. the Standards 
Aluminum, has recently been revised. It 
the Superinten lent of 
Washington, D. C., at 





78 of Bureau of 





will soon be ava 


Documents, Government Printing Off 
5 cents a copy 

How Stream Propuction Costs Wert 
ReTurN-TuBuLAR BorLer PLANT. 
mnducted the fuel 
a hand-fired return-tubular boiler plant, it 


lb. of ste was 


During 
the Bure 
was found 


HaANb-Firep 
oft an 
Mines, 
the average cost of fuel to produce 1000 
Tests ifter some simple changes had made 

furnaces, and in the « ontrol of the boilers, > howed the previous hig! 
of fuel per 1000 Ib. of steam could be reduced to the reasonable fig 


" 
saving in fuel 


investigation ci by section of 
on 
im ot 


been 


conducted 


$0.3540, or the equivalent of over 30 per cent 
These tests were made by A. R. Mumford, fuel er 
of the Bureau of Mines, and consisted of a comparative study in t 
of pea-size and bituminous coal without 
involved experimental modifications of the setting, modificati 
the method of control of the boilers, and improvement in the met! 
of firing. This last resolved itself into a comparative time study 
The total savings shown possible by the modifications introd 
are approximately 900 tons of coal in an eleven-month period 
approximately $12,500 in total fuel cost. Investigat 


assistant 


anthracite smoke i 


teports of 








Serial No. 2455, U. S. Bureau of Mines, Washington, D. ¢ 
Steel, Its Treatment and Products A1l-23. LatTue Breakpown Tes 
Some Hicu-Speep Toot STEELS. See Machine Tools A1l-23 
B—RESEARCH IN PROGRESS 
The pur pose of this section of Eng neering Re search fo f ng togethe« 
who are working on the same problem for codperation or conference, t 
unnecessary duplication of work, and to inform the profession of the inve 
who are engaged ‘pon research proble ms. The addre ¢ of these n 
are given for the purpose of correspondence. 
Instruments and Apparatus B2-23. SayvBpour UNiversat Viscos 
A conference was held at the Bureau of Standards, November 
members of the American Petroleum Institute, as a result of 
committee of 5 members of the Institute was appointed to ¢« 
with the Bureau in expediting the more accurate standardizati I 
Saybolt universal viscosimeter. the 
The Institute and the Bureau are also coOperating with the > 
of Automotive Engineers and the Interdepartmental Commit 
Petroleum Products in the development of a numbering 
lubricating oils based on their viscosity A 


Iron 


Wear Tests OF STEEL. 
to wear of steels has been in process at the Bureau « 
ards for some time. During the past monta has be« 
of the effect of keeping the surfaces of the specimens clean and f: 
all adhering abraded particles. A cloth buffing wheel, rotated 
speed by electric motor, has been used successfully for this | 
It has been found that when the wearing surfaces are thus k« 
of abraded metallic dust, the rate of wear drops to an almost nm 1 
quantity compared with the rate when the wearing surfaces aré t 

clean by the buffing wheel. Address Dr. Geo. K. Burgess, Dir 


and Steel B1-23. AD Investigation 
sistance 


a study 


the Bureau of Standards, Washington, D. C. Li 
Lubricants B1-23. SayBottT UNIVERSAL ViscosimeTeR. See In 

and Apparatus B2-23. 

-Ferrous Metals B2-23. Gases IN Monet Mera. The Bu 


Non 


Standards has just completed determinations of oxygen and | 
in samples representing three phases of the deoxidation ol e = 
metal. The samples were all from 50-lb. blocks cast during the | 

of a regular heat. These samples represent (1) the metal at t 

of tapping the furnace before the addition of any deoxidizers; \-) © 
above metal after the addition of ferro manganese in the ladel, 1 
the above metal after the further addition of magnesium in t! 
that is, after all additions have been made. Both oxygen and hydr 
gen in the metal decreased rapidly with the progress of deoxidatio? 
The finished metal, as represented by the last sample of this heat 4” 
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» ‘ 
by samples of completely deoxidized metal from two other heats, paper. The method, however, must still be standardized Are 
contains from 0.002 to 0.005 per cent oxygen. All samples appear this subject will be published in the near futur 
rather porous under a magnification of 100. 

\{ sample of monel metal prepared as above, except that a portion Rope B1-23 Tests FoR New Desion or Larce Hawsers 
of the deoxidation was carried out in the furnace rather than entirely were mad during the } tn th at the Bureau of Standards 
in the ladle, showed no porosity, and no oxygen could be detected \ twenty-one samples of very rge hawser J ir} the test 
sample of monel metal from a Herault furnace heat, which had beer was to determine the mparative strengt! i new t r 
completely deoxidized in the furnace, likewise was entirely sound and for manila rope. ol vith the st lard thod t 
contained no oxygen. Of the five samples of finished monel metal In the new type tl ! t t ] re untw 
examined the three which were deoxidized by addition of ferromat trands are made up of several outer layer f twisted ri 
inese and magnesium in the ladle were porous and contained fron this inner compact ma f fiber I | g twisted 
0.002 to 0.005 per cent oxvgen, while the two which were deoxidized usual manner to form the rope The tests showed that 
entire or iti ] rt nm the rurl ‘ were “oul 1] ind ontaimne it a ¢!l t e° new t pt I I tr tl nil re ‘ Tt! tre! rtt) | ti 
Paper B Tue TeNsILe STRENGTH OF PAPE! There are a number St Its Treatment and Products B1 ("al Z > 
f ce es for determining the tensile or breaking strength of iper estigatior f the effect of tl 
t the procedure in carrying out the tests has not been standardized ro} 1 part I i | 
thus all sorts of combinations of width and length of the test specime “ iggested t B St ! 
te of applying the load, and time during which the specimer f very consider mmer t \ 
ler re i l br T t ‘ 
\ id tl Various tors recently completed by the B 
St lar licat hat th lerable difference in t t 
tretch when the factors are varied, but when only the strengt' I BIBLIOGRAPHIES 
‘ lered, the ength tie p Irie within m l - F F R 
t w! the str t 3 port : : : . 
it } h have heen In 
expen f the S — - naive t — mu } 
P B } Tue Muticen Tesrer ror MEASURING THE QUALITY O01 R irch Commute ill t Wraphies a wd Jor a pr 
PAPE! What is known as the Mullen tester is used almost universally wy 1 fiona es are avauable, | 
n this country for determining the bursting strength of paper, and on 1 VE if : 
s factor is based to a large extent the measure of the qualit of the the SS 
iper It often happens, however, that a sheet may be so made or so 
zed as to have a very high bursting strength and yet show up very Heat Transr ni Heat EXCHANGERS A bil ral 
’ eA r fold teat tw ™ N ‘17 Add A. S5.M.I} 297 OW 
Phe Burea f Standards is working i supplementary test [ ith Street, N. Y. ¢ 
tw t which produce a crea n the paper ur 
ed cond pre nd time rhe bursting strengt : V vw D I R U SYSTEMS \ rT 
rmined | I 1 after ld The . trengt ler ‘ Sear N S 5055 Ad tI A.S.M.I + West 
idit I i eXxce t ind tl it tt t} ; st N.Y. ¢ 
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CCONTRIBUTIONS to the Correspondence Department of MecHanicaL ENGINEERING are solicited. Contributions 
' particularly welcomed are discussions of papers published in this journal, brief articles of current interest to mechanical 

engineers, or comments from members of The American Society of Mechanical Engineers on activities and policies of 

the Society in Research and Standardization. 


Methods of Calculating the Diameters of Open- . : € 
Belt Speed (‘ones 2 
( 
\ 
\ 


l | 
t prIrol 
1 " ) 
] + + — - 
owing 1 l itted a rational meti l rca iting l 
open-beit per 1 « CS - és 
Let I length of bel , , \ 
~ r , ) ! 
_ ( distance | weet 
, ” ) »} \ >} 
f ‘ ] iev ce ters ee + \ 
B radius of small 


soO+ri(r 20) + kr (x + 20 1 eae } — + eee 
2-3 2-4-5 2-4-6-4 2-4-0859 
Vv « r2 (f l ol 
2 +tar(k+1)+rih 1)26 
a : (3 k + ‘) l 
‘ —S i 
. r (ih | xr k+1\ri Dy 2 | 2 
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( é | ( ] l 5 . 7 
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At — i; then, substituting in the preceding equation, 


an c u = AV + BV? + CV? + DV4 + EV® + FV® 4 
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Substituting the series in vw for Vin the series in J 


gives 


| 5 Ld ? Ld 7o 7 
— 4 wil + . w? = wis t Sa 9 4 w* } . T P 
16 OG 16 G6 32 


If k = 


1, this equation reduces to 


1(L 
eo 


T= 


The values of r given by this series may be calculated to any de- 
sired degree of accuracy by taking a large enough number of terms. 

For values of angle @ up to four or five degrees the series converges 
very rapidly; the rapidity of convergence falling off, however, as 
the belt angle is increased. 

The first two or three terms will generally be sufficient for cases 


with small belt angles; 


ct ter distance 


while the fourth should suthie 
to and including 10 or 11 deg. for @. 

In using this formula either the belt length should be ealeulated 
fit a pair of pulleys at the start or some convenient bel 
hould be fixed upon and then the pull Vs calculated to fit the be 
alwavs be take 


Che dimensions L, ¢, and r must, of course, 


ime units. 


Missoula, Mont 


L-prror 


correctly designed speed Cole drive tive tiie elt 


lo THI 
In re | 


all positions with equal tightness. This is accor 


irranging the sum of the diameters that the length ot 
to pass over each pair of steps will remain constant By 
the formula for the exact length of a crossed belt [1 vit] 
the exact length of an open belt 12). it will be seen that 

ise the length is a function of the center distance and ti 


he diameters, latter the length is a funet 


while in the 


and difference of the diamete 


| | D4 
] D + « rT + 2s1n : 


and the sum 








ere re if the te . \ n W ( i 
cee the centel tance is constant Tt suff ent 
teps t] it thre l f thr dl amete! | 
e dia el nv other p I | re I 
D D D 
In the case ven belt, however, not 
difference of the diameters must be cor anit: thy 
im possil le to satisfy. henee there ean be no « ire 
Several excellent graphical methods have bee 
practice, however, 1t Is clifhie ilt Lo make ra la out iff 
rate: very olten the center distance is too long for the " 


hand, so that a layout must be made to a small seal 


slight error will greatly affect the final results. Non 
own can be considered a convenient 


] 


ane rye 
Alita If Md 


ical formulas ki: 
the problems because of their complexity 

The following ts the 
logarithmic chart which greatly simplifies tue caleulat 


mie thod used by the vriter in <« 


pulley diameters. The formula for the length of ar 
given by Professor Unwin as follows: 


which is very nearly the exact length. Let Dy and dy be 


eters of one pair and dD, and d, the diameters of any ot Ww 
steps in the same cone; then, the length of the belt being t 

T (D, do) 
L (Do + do) + 2ct 1-4 : 

2 Sc? ' 


(D; + 


bo] 5 


Solving for D, + d,, 3 


(Do dy)? ) d,) 2 repre 
D, + d4 = D+ d+ - a sa. ° Seale 
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With Reference to the Discussion on High-Tem- 
perature and High-Pressure Steam Lines 
speed of } | 

100 r.p.m 


entel distance 30 in 
need of the a 


ther shaft 


lo THE Eprrot 
It has bee t 
‘rs of the given even 


1 called to mv attent 
of the May issue o 
1S in. 


ion that 
ress the speed ratio as follows 


pra 
Jim. + 


in 


is presented | uv 4 
graph of my closure to the discussion of my paper on High-Pressure 


yn we 
MECHANICAL ENGINEERING, the second para 
and High-Temperature Steam Lines may be interpreted as ai 
fair criticism of 
higher speed DOO x 


1 un- 
Mr. Barrett, one of the discussors. Undoubtedly 
Mr. Barrett’s discussion was prepared carefully and there was no 
lower speed LOO every respect 
one point of a pair of dividers at 30 on the seale of Fig. 2 
ting the center distance and the other point at 5 on the 
rked “Speed Ratio.” 


desire on my part to pass on his engineering ability for which I have 


I desire to correct any different lmpression that may 
be derived from my closure 


RN 
New York, N. Y. 
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Year Number of Immigrant 
1S20 8,400 
1S30 23,000 
1s40 80.000 Period of 
IS54 120.000 industrial expar 
INEERING | © a 
L905 1.026.000 
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Immigration Policy Places New Responsibilities 
on the Engineer 





pk YM all sides we constantly hear of 

labor shortage. The deflation period 
in 1921 seemed to indicate a large surplus 
of labor. As soon, however, as business 
began to revive, as it did the past vear, 
the temporary surplus was immediately 
absorbed, and now one important indus- 
trial executive estimates the labor shortage 
in the United States at the present time 
at 600,000. The people of the United 
States have made up their minds that 
they are going to control the character of 
the raw material that is to make up their 
citizenship and their neighbors, and the 
present policy is to restrict immigration 
from those countries whose people are not readily assimilated. The 
shortage threatens to become permanent. 

A study of our principal industries such as textiles or steel shows 
a continuous shift in the various nationalities engaged therein over 
a long period of years. The probable reason for it is that the 
second or third generation of a given group of immigrants will not 
do the work their grandparents did—they have advanced to a higher 
scale of living and the unskilled worker is recruited from a new 
group of immigrants. This substitution of labor, both male and 
female, has run through the nations of Western Europe and, in the 
last decade or two, has largely foc used on those of | vastern europe. 
How much farther it can go in the white race it is hard to say. It 
has reached a point in certain places where there has been consider- 
able agitation for coolie labor. I doubt very much whether the 
United States will ever admit labor of that class. 

It has been the policy of the United States for over seventy years 
to depend upon immigration to furnish the necessary unskilled 
labor for our industries. Last year the number of immigrants 
admitted to this country was approximately 360,000; pending 
legislation would limit the eligibles to 170,000. The vital question, 
then, is, can the country expand and prosper with such a limited 
supply of new labor? A glance at the following statistics may be 
of interest. 














H. VV. Cors 


when the United States was an agricultur 
country we did not need large immigration. As our industt 
very rapidly. It 


In other words, 


developed, however, our immigration rose 
to a low point on account of the Civil War, but throughout 
period we received a total of about 620,000. In the past cent 
the United States has received 35,000,000 immigrants. They 
not all remained here, however. For instance, from 1909 to 10 
5,500,000 departed, 


same pe riod was 5,125,000. 


while our gain in immigration during 


} 


is asked, What interest has the engineer nh 
stricted immigration policy? The answer is that the engi 


The question 


appreciating his important function in developing and sustai 


civilization, must provide workers of metal and wood to fi 


ranks that have normally been recruited from immigrants. Oj 
tunity awaits the grasping. Capital will be required, but 
undoubtedly be fortheoming to furnish backing for the design 
manufacture of machines and devices that are commer 
practical for lessening the hand work of the world. The i 

material needs of the inhabitant of a modern civilized ce 


means that industry must increase. The new personnel 
increased industry will not come from restricted immigratior 
though 


quotas i made net, taking into account emigration 


immigration. New and better machines under the guidar 
modern management methods form an important part of the sol 
of the problem of labor shortage. Providing the machines at 
management methods is largely an engineering responsibilits 
other words, the engineer and management must devise way 
means to release common labor from some of its present a 
ments and graduate it into the ranks of semi-skilled and sk 
labor, substituting therefor mechanical 


work previously done by common labor. 


appliances to d 
This substitution 
not, in facet should not, be confined to the activities now perfor 

by common labor, but similar substitution must be made all ‘ 
the industrial path if we are to maintain our industrial supre 


H. V. Cor 
Coast to Coast by Air 


[HE flight of Lieutenants John A. Macready and Oakk 
Kelly from Long Island to San Diego is primarily of int 

as showing the progressive spirit governing the Army Air 

It is certainly no accident that at the time of this writing + 
world records are held by the Department, among other 
important ones as the speed record, the endurance record 
now the non-stop distance flight. (The fact that for te 
reasons this particular record cannot be hom >logated by the | 
national Aeronautical Association, does not, of course, in an 
affect its authenticity or value.) The coust-to-coast fligh 
a severe test not only of the plane and engine, but also of the 
ing and personal ability of the men. 
The same men have flown for oth g 
distances, though not as great, of course, as that covered 
present flight. Other flights such as the one from Long Is! 
Alaska and particularly the recent flight to Porto Rico have 
that the Army Air Service is capable of what would have ap) 
to be only a few years ago unbelievable performances. 

The machine used was a T-2 monoplane designed by A: 
G. H. Fokker and built by the Netherlands Aircraft Corp: 
to take the Liberty motor. The structural weight empty is 
lb. and the useful load for commercial operation is 3500 Ib. 1 
total wing area is 940 sq. ft. The maximum speed fully lo: 
105 miles per hour, and the ceiling approximately 11,000 

In order to adapt the machine for the coast-to-coast flight certain 
changes were made. By the use of an extra tank in the cabin a! 
an extra gravity tank in the wing, the total gasoline capacity Ws 
increased to some 735 gal. and the oil capacity to 30 gal. The tota 


Moreover it is not an i 
performance, a stunt. 


1 Chairman, Materials Handling Division,”"A.S.M.F. 
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weight fully loaded was thus increased to over 10,000 lb. 
radiator was provided. 


An oil 
Anti-leak compound with an appropriate 
pressure pump was carried for use in the radiator or water jackets 
in Case of leak. A special tank was provided to catch overflow 
from the radiator or its expansion tank, so that the loss of water 

a long trip Was minimized. 








Spare batteries were taken along, 
well as a spare glass tube for the gasoline level gage among other 
ms. A second set of flying 






and engine controls were installed 
the cabin, with a communicating door between the pilot and the 


hurr ~ 
nn 0 





as to facilitate interchange between the two men. \ 
ling door was provided near the pilot in order to enable him t 
rust his body right outside the plane. 









rhe power plant Was a Liberty engine, and it is stated that, with 





exception of a short period at the beginning of the trip, it op- 
ted at about OO per 


flight, as well as 


Smith brothers 


cent of its full power throughout the flight. 
the flight from England to Aus- 
in their Vimy biplane, has shown that 


find 






The present 
in by the 


ly experienced fliers can 









their way even under adverse 













ditions by compass and dead reckoning. It has also shown, 
ever, that it takes a highly experienced flier to do so. and that 
ground irkings is a serious obstacle to long-distance 


before flying from New York to Frat 
very-day occurrence and 4 means ol saving 
for the ordinary busy man 


iaV be A San 
] 
! 


Wi | become uh ¢ 


Lady Carnarvon's att 
h her dying husband by air from England to Egypt, it may be 


] 


failed mainly bee 


Mmpt to 














suse of the extreme discomfort of long flight 
ose not accustomed to that mode of travel. 

From a military point of view, however, the Importance ol the 
a vement of Macready and Kelly is very clear, and it is also 
nquestioned significance as showing that while the number 
lanes available to the War Department is pitifully small for such 
4 great country as ours, the men in the Department are capable ol 

rming wonders even with what equipment they have 


Store Winter Coal Now! 


L INDUSTRIES asked to store a 
winter’s supply of fuel during the summer months. The 
Commission has pointed out that the storage of coal in this 


























and individuals are 








anner will even the demand for coal throughout the vear, therebv 
ring its production more economical and equalizing the de- 
mand for transportation. Secretary Hoover, in a letter to the 


wr \ 


V, points out that the producing capacity and CONSUMINE 






lemands of the country have advanced bevond our transportation 


Tat ies, and stresses the importance f both consuming and pro- 


lucing industries coéperating with the railroad managements to 








se the most efficient operation of their lines. The transpor- 
tat peak of the country occurs during October. It is extremely 
important, therefore, that coal be purchased and stored within 





xt three months so that the burden of moving this fuel will 








hot added to the difficult transportation period of the fall. 
T importance Of storing coal applies not only to the railroads, 


blie utilities, and the industries, but also to domestic users. 


The torrs Plan ol domestic coal storage Was outlined in the May 
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American Engineering Council has appointed a committee 





e a coal-storage survey and issue an authoritative state- 





1 


vering the engineering, chemical, and economic factors 








in the storage of coal, and how they may be employed to 















re the present complex coal situation. It is hoped that this 
tee will report early in November, 1923. 

1 problem of coal storage is far-reaching and fundamental. 
It a responsibility on each member of the Society to discuss 
U ect in his business and social contacts and arouse general 
pul ttention. The organized groups of the Society are mobiliz- 
ing duty. The Fuels Division is assisting the committee of 
U erican Engineering Council, and in addition will hold a 
S€Ss it the A.S.M.k. Annual Meeting in December with papers 
On t storage of fuel. The Materials Handling Division is co- 
per ¢ in the arrangements for this session. Each Local Section 
will alled upon by the American Engineering Council committee 
Wa in the survey. 

St winter coal now! 
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One Hundred Years of Transportation 


"THE centennial celebration of the Delaware and Hudson Company 

has served to recall the efforts of pioneers in creating a market 
for the as anthracite was then ealled, 
discovered near Carbondale, Pa., in 1799. There was 
the ability of “stone coal’ to burn on a 


“stone coal,” which was 
doubt as 

grate. However, the wat 
of 1812 cut off the normal supply of charcoal and the use of anthra- 
cite as a substitute was pushed. About this time William Wurts 
obtained a large acreage of coal lands near Carbondale and, wit! 
his brother Maurice, opened mines and attempted to market the 
product in Philadelphia. They 
project to 


were 


7 ’ 
compelled to abandor thi 


advantageously located 


their ¢ 
and turned to 


Hudson Com 


the w 


ompetitors who | 
New York for So the Delaware and 
was organized to construct 
ite! of the Delaware ind Hudsor 


were more 
the outlet 
a Cal il connecthi 


Rivers \ portior 




















First Steam Lor 
IN AMERICA 


THE OMOTIVE Run on Rais 


the route market 


and a gravity railroad was built using inclined planes and station- 
arv hoisting engines. 


from mine to was over a range of mountains 


In 1829 four locomotives were imported from England for use on 
the gravity railroad. The America, built by George Stephenson, 
1829, and the other three, built by 

On 


arrived on January 15, 
fostrick, came in May. \ugust 8 one of the three, the Stour- 
bridge Lion, was operated on a of the track The 
convinced the engineers that the track would not stand the 
of the Lion or the side thrust of the wheels on curves 
the road to withstand the stresses was considered but for various 
und to be impracticable, and the use of 


The Stourbri lae L on Was the 


Foster 


section test 


weight 
Rebuilding 


reasons Was it locomotive S 
abandoned. first le 


, 
comotive plac ed 


on any track outside of England and the first that ever turned a 
wheel on the Western Hemisphere. It was imported solely to 
transport and market anthracite 

In a country depending so completely on transportati is does 
he United States, the centennial of a pi r transporta Oo 


eat interest Certainly we can have no accurate con- 


cept n tor ay ol the courage ol the 


prejudices against anthracite and who conqu 


to marke U. 
century 


difficulties of bringing the coal 


Transportation conditions a ago were in at least one 

Locomot 
: the importation of the 
four engines by the Delaware and Hudson Company. The loco- 
motive did not come into general use, however, until the den 
for its 
largely 


respect similar to those of the present day 


been known for twenty-five vears be 


fore 


services could be met commercially. Today the airy lane 
waiting for commercial needs to 
require its unique transportation ability 
penditure of 


perfect it for commercial use 


a war development, is 
and to compel the @Xx- 


money tor the 


research and development that will 





Engineering in India 


Fi NGINEERING projects of great magnitude are under way 
4 and under consideration in India, according to a report 
recently submitted to the Department of Commerce by Trade 
Commissioner Batchelder. It is estimated that nearly a million 
dollars is needed to carry out all the plans, among which are the 
following: 


The Madras Presidency proposes to expend about $45,000,000 withir 
the next five years, for irrigation, roads, and other public works. Bombay 
to spend $61,000,000 on irrigation alone, besides continuing the 
port development works and the new schoolhouses required to carry out 
the terms of the new compulsory education act The United Provinces 
need $30,000,000 within the same period for irrigation, forests, and othe 
publie works, while the Punjab has extensive plans for irrigation and hydro 
electric plants requiring $140,000,000 before 1940 

Bengal has decided to build a $10,000,000 bridge across the Hoog! t 
Caleutta, and there will be further expenditures on the improvements ol 
the port and for ameliorating the housing and congested traffie problems 
rhe total desired for all these government and municipal public works 

innot be less than $300,000,000 Besides, it is intended to spend about 
£500,000,000 in the next five vears for new construction, repairs 
litional rolling stock on the government railways. 

Some interesting communications concerning engineering in India 
have come during recent months from J. D. Rogers, representative 
of The Baldwin Locomotive Works at Caleutta. Mr Rogers has 
spent some time in Africa—nearly three years in South Africa and 
later traveling in Portuguese East Africa and neighboring sections 
His message to every American who has gone or expects to go into 
the foreign field of engineering is to remember that he represents 
1ot only some particular interest but the whole American engineer- 
ing profession. Extracts from Mr. Rogers’ letters follow 

India offers great opportunity for capital to be employed in development 
such as manufacturing, extension of irrigation, and making the great rive: 
<vstem navigable. With proper expenditures of money the terror of the 
monsoons can be eliminated. There will be no suffering from either drought or 


flood. The Bengal government is to spend $2,000,000 on a canal at Cal 
itta. The engineer in charge tells me that all of his estimates are based 
n using American equipment, as we have solved the question of eliminating 
hor 


I have made a complete circuit of India; this means covering an area 
equivalent to about two-thirds of that of the United States. Travel here 
is very comfortable as the railway equipment is well ad ipted to the con 
litions There are about 15,000 miles of broad-gage, 3 ft. 6-in. lines and 
the same of meter-gage;: this is supplemente d by some 5000 miles of narrow 


» , 


gage, 2 ft. 6 in. and 2 ft Railways are not only vital in the economic 
development of India but are the means of distributing the food to the 
350,000,000 people. Great famine funds which were provided by taxation 
ire now being spent in further development, not only of railways but vast 
irrigation projects. At present the Punjab project is under way; it far 
exceeds anything ever undertaken in America and will make a barren desert 
is productive of cotton as our best southern states 

It is very gratifying to see the interest the railway men of India take in 
our American engineering. Just now there is a strong tendency toward 
our locomotive designs. I am here now in Delhi to discuss the standard- 
ization of locomotives with the Railway Board, the functions of which 
ombine those of our Interstate Commerce Commission and the Railway 
Administration. They have to approve every policy of the Indian Rail- 
ways, both engineering and financial. They are a very high-grade body 
of men, representative of the very best in India. 


Conference of Women Engineers Held in England 


YOME forty delegates convened by the Women’s Engineering 

Society met at Birmingham University on April 12 and 13 
in the first conference of women engineers ever held. The presi- 
dential address of Lady Parsons was followed by an outline of the 
history of mechanical engineering by Prof. F. W. Burstall, Dean 
of the Faculty of Science, Birmingham University. Professor 
Surstall discussed the social and ethical effects of scientific prog- 
ress, stating that the human element must be the predominant 


» 


issue in all matters of engineering development. He later con- 
ducted the delegates in an inspection of the engineering department 
of the University. 

At an evening session on April 12 Miss M. Partridge, of M. 
Partridge & Co., domestic engineers, Exeter, read a paper based 
on her experience in electrical contracting work in country districts. 

On April 13 a paper by Mrs. L. M. Gilbreth, whom illness pre- 
vented from being present as representative of The American 
Society of Mechanical Engineers, was read by Miss C. Haslett, 
secretary of the Women’s Engineering Society. Her article was 
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a brief exposition of the growth in the breadth of inter 

1 his work, and in his field of influence 
Miss Entwisle, of the Metropolitan-Vickers Electrical 

Ltd., Manchester, presented a paper entitled Some Con 


engineer, 1 


of Electrical Design. Mme. Laurent, who, with her husha: 
attended the conterence as directors ol the Keeole Te ( hy l jul | i 
inin de Paris, and as representatives ol the French Governme 





gave a short lecture, illustrated with lantern slides, on the grad 
development of women engineers in’ France The « 
closed with a trip to Stratford on Avon on April 14 


Dr. George kK. Burgess Becomes Director of the 
Bureau of Standards 


Pe DIRECTORSHIP of the U. SS. Bureau of & 

he hands of Dr. Gi 
Burgess, who has been connected with the Bureau ! 1M) 
since 1913 has been chief of the Division of Meta 


long association with the Bureau, and his intensive 


has recently been placed nm ft 


} } 1 
particularly in iron and steel, make him we quanhed 


position 
Dr. Burgess was born in Newton, Mass., in 1S 
degree of B.S. from Massachusetts Institute of Ti 


1 


IS06, held a fellowship there from 1SQS to 1900 

Se.D. from the University of Paris in 1901. He wa 

at the University of Michigan for one vear, and at the | 

of California for two vears, previous to entering the Bu i 
As a member of the National Research Couneil D1 1} 


has been active n its committer work Hi represent | 1) 
ment of Commerce on the American Engineering Standarcs ¢ 
mittee and is this vear’s president of the American > 


Te sting Materials 


Sir J. J. Thomson Visits America 


YIR JOSEPH JOHN THOMSON, F.R.S., who ha 
. Visitor in this country during recent weeks, Was awat 
Franklin Medal at a special meeting of the American Phil 
Society in Philadelphia on April 10.) He lhkewise 1 
John Scott medal and award of S1O00 Phe subject of his a : St 
on this occasion Was the possibility of a new form of water 

Sir Jose ph, for many vears Cavendish Professor at ‘ 
and now Master of Trinity College, came here under the a 
of The Franklin Institute to give a series of lectures beton 
institution on The Electron in Chemistry. These lecture- 
due regard to progress of science, may be said to be a mit 
tion of those delivered by Lord Kelvin before the same bod 

Sir Joseph was the speaker at the dedication of the ™ y 
Laboratory at New Haven on April 4, and on April 6 and 7 
the Research Laboratory and the Schenectaly Works of 





eral Electric Company, giving an informal talk to the lal 
staff and engineers and evidencing much interest in the w 
are carrying on. 


Mr. Dickinson of South Kensington Museum 
Visits the United States 
] | W. DICKINSON, Assistant to the Director o 


Museum at South Kensington, London, and H 
Secretary and Treasurer of the Newcomen Society, visit Work 
York, Washington, Philadelphia, Boston and Dayton g H 
April and May. 
Mr. Dickinson is keenly interested in the history of eng 4 
and technology, developing interest in which is one ot 
portant objects of the Newcomen Society. On his trip Mr. | ick 


the > 


inson was the guest of several groups of engineers who | ls 

played an appreciation of the value and importance of engine rit 

history. M gt 
Mr. Dickinson was a speaker at the dinner celebrat the iS | 

Centennial of the Delaware and Hudson Company on April 23. Hs prep 


topic was the early development of the steam engine. lores 






The Engineer in Public Affairs 


( YANO DUNN was the presiding officer at the meeting, held 
ZX Mav 8 in the Engineering Societies Building, devoted to the 
Engineer in Public Affairs.” The gathering was under the auspices 

the New York Sections of the American Society of Civil Engi 
American Institute of Mining and Met illurgical ene 
rs, The American Society of 


| leetru al 


representatives of the Society of Municipal le:ngineers 


Mechanical Engineers. and the 
erican Institute of 


re present 


society of Automotive Engineers, American Society of Heating and 
Ventilating Engineers, the American Society of Safety engineers, 
Pavlor Society, the Society of Illuminating Engineers, and the 
York Society of Architects The speakers of the evening 
Admiral John Keeler Robison, Engineer in Chief of the 
ed States Navy, and Frank Jewett president of the American 
Institute of Eleetrical Engineers and Chairman of the Engineering 
| nof the National Research Council 
Mr. Du ened the meeting in the following well chosen words 


worthy of the man 


Mr. Dunn paid a tribute 
wineerimg service ol the United States Navy and read the 


niral Robison 





tion to dut sa me ire of worth, of worth as 


I believe that lasting happiness is found only throug! 


elfish service Phe thought 


of self in service, no matt 
r e, runs counter to nature's laws of compensatior s 
i tentr t of spirit are not found on the same trail 


Robison pointed out that the opportunity facing engi- 
public service must be grasped that the common weal of 

inass of humanity may be accomplished. Originally all 
The word “civil” 
“builder for the state 


ere are many specialized branches of engineering but the 


n public service were civil engineers. 
ition meaning a man who is a 
<on for the existence of any kind of engineer is that he is a 
the state Admiral Robison then told of the remarkable 
f the Navy 


ng carried on in the engineering department « 


H hasized the fact that, if the shores of this country are to 

inpolluted by war, the ships or our Navy must be able to 

lesired position and take it first. The ships must move 

gh and stay there long enough. The ability to do this is 

eering problem. The task of moving a fleet between 

ts involves reliable machinery and plenty of fuel. Increasing 

radius of the individual vessels and installing machinery 

‘greater reliability and economy was emphasized by the Admiral 

. rtant steps in increasing the mobility of the ships. The 
prey 


paration of detailed instructions in the use of fuel and the en- 


orce t 


of these instructions proved to be a considerable factor 
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engineers. In addition there 







, ' ) , 
In reducing the expenditure ol uel b e205 per cent per | 


under way and 49.7 per cent per day 


Admiral Robison also told of the great work the United Stat: 


Navy had accomplished as a humanitarian agency In closing 
emphasized the tremendous importance of the spirit ol ser 
which ts not peculiarly naval He said they are but re presentative 
of the noble profession in the world, builders of things and 


character 


In introducing Mr. Jewett, Mr. Dunn called attention to 
wt that the meeting of the evening had been organized by t 
Federated American | ngimeering Societr ind that representat 
of all branches of the profession were present Mr. Dunn expre 
his views about the FLALELS the following words 

The Fed t to date, t " t tvrowt 

l e Fed \ ! 

ist I re i t i 
' Ti 7 





Engineering Index and Library Combine to Serve 
Kngineer 
| kFERENCE was made in the preceding issue of MecHant 


|. NGINEERING to statements by Prof. W 


technical literature The paucity 


Trinks in regard 
ind inadequacy of engineering 


libraries in the country to which he ealls attention need not be 


serious problem for engineers in country districts if the follow 
points are noted 

Back of The Engineering Index for 1922, which has just b 
issued, is the engineerin z Societies Library of New York, from whic! 
may be obtained, at a nominal cost 


the text of any article indexed 


photostatir reprod ictior 


Some thirty per cent of the periodicals indexed in this volume ar 


in foreign languages. The Library will furnish translations « 
articles from any of these. The list of bibliographies in this volum« 
is more extended than in preceding years. Mr. Raymond Brow 
of the Library Staff assisted in the compilation of this list 

The Engineering Index is not an exhaustive guide to the engineer- 
ing literature of the world but it does index what are considered the 
leading articles on the newest developments of the vear The 
services of the Engineering Societies 


efficient. 


Library are prompt and 
The combination should be of unequalled value to engi- 
neers, engineering students, and research workers everywhere. 































































































































































































































































































































































Engineering and Industrial Standardization 


Standardization of Mathematical and Graphical 
Symbols and Abbreviations 


RECENT conference held in New York under the auspices 
of the American Engineering Standards Committee revealed 
among engineers, scientists, officials, 
editors and industrial emphatically 
in favor of the unification of technical and scientifie abbreviations 


A 


sentiment government 


business-paper executives 
and symbols. 

It was agreed on all sides that the standardization of abbre- 
viations and symbols would result in inestimable mental economies. 
The present situation with respect to the use of abbreviations and 
svmbols in engineering, scientific, and other technical fields is 
comparable to a language which has degenerated into a multi- 
plicity of dialects, each of which has to be translated for the users 
of the others. Abbreviations and symbols constitute an ever- 
growing and important part of the language of engineers, scientists, 
industrial editors, and other technical men. The use of one symbol 
or abbreviation for several different terms and the use of several 
different symbols or abbreviations for one meaning are, however, 
at present causing a great deal of confusion, misunderstanding, 
and often serious errors. 

The conference was called upon requests from the American 
Institute of Electrical Engineers, The American Society of Mech- 
anical Engineers, and the Association of Edison Illuminating Com- 
panies to consider abbreviations and mathematical 
but after some discussion of the subject it was thought desirable 
to include as a part of the project the graphical symbols which 
are used in engineering drawings, diagrams, and the like, for rep- 
resenting instruments and apparatus and their components. 

It was agreed that the codéperation of foreign standardizing bodies 
should be sought in the development of the work. The importance 
of international uniformity in symbols is great on account of the 
international character of much engineering and scientific work, 
and the importance of reference books and periodicals in foreign 
languages. 

The work will go forward under a Sectional Committee organiza- 
tion developed in accordance with the rules and procedure of the 
American Engineering Standards Committee. 


symbols, 


Recent Progress in Standardization of Particular 
Interest to Mechanical Engineers 
Walkway The American Engineering Standards 
Committee has invited the American Institute of Architects and 
the American Society of Safety Engineers to act as joint sponsors 
for the proposed safety code on walkway surfaces. 


Surfaces. 


Petroleum Products and Lubricants. Standard methods of test- 
ing petroleum products and lubricants will be developed by a sec- 
tional committee organized under the sponsorsbip of the American 
Society for Testing Materials as a result of recent action by the 
A.ES.C. 

Flash Point of Volatile Flammable Liquids. The A.E.8.C. has 
approved as “Tentative American Standard” the standard method 
of test for flash point of volatile flammable liquids submitted by 
the American Society for Testing Materials. The A.S.T.M. has 
been appointed sponsor for this standard, and in this capacity will 
publish the standard and direct any revision of it that may later 
be necessary. 

Radio Apparatus. Sponsorship for radio standardization has 
been assigned by the American Engineering Standards Committee 
to the Institute of Radio Engineers and the American Institute 
of Electrical Engineers, jointly. This action was taken in accord- 
ance with the recommendations of the large representative con- 
ference called by the Bureau of Standards. 

Safety Code for Forging Industry. The formulation of a national 
safety code for the forging industry will be undertaken immed- 
iately as a result of the decision of a conference of the principal 
organizations interested in the subject recently held in New York 


on the eall of the A.E.S.C 
be developed. 


‘ under whose procedure the code W 


The conference by resolution requested that the code inclu 
the hazards of drop forging and other hammer forging, as w 
as all hazards peculiar to the forging industry and associated w 
the machines used in the industry whether or not they oc: 
at the point of operation. The same resolution suggested tl 
the code do not include the hazards of cold extrusion of non-ferr 
metals, or hydraulic presses, except as the Sectional Committ 
may find it desirable to include small types of the latter and t! 
the inclusion of hot pressing, bulldozing, and other forging 
erations, such as those of bolt-heading and rivet-making machi: 
be left to the discretion of the Sectional Committee. 

Traffic Signals. Forty-two men, representing 
manufacturers and users of traffie signals, federal and state g 
ernmental departments, associations interested in the prevent 


( ‘olors for 


of traffic accidents, and representatives of the general public 

now at work on the drafting of a national code on the proper co 
for traffic signals, which it is expected will not only cut down 
annual but will elimi 
any of the existing irritations to motorists and to the operat 


loss of life through traffic accidents, 


of steam and electric railways. 

This work is being carried on under the auspices of the A. ES 
whose approval of a code or standard insures its ultimate a 
tance and throughout the The 
Committee drafting this code is made up of seven representat 


observance country Secti 
of the manufacturers of traffic signals, nine representatives of 
purchasers of such equipment, three representatives of the 

of trafhie signals, 


1 


twelve representatives of governmental b: 
five technical specialists, and six insurance representatives 
American Engineering Standards Committee is composed of 

departments of the U. 8. 
industrial, and engineering societies, 


Government, the principal tech: 


and individual business con- 
cerns interested in standardization. 


Sir Eli ctric-Railway Rail Standards. The A.E s ( Fe has appl ed 


as “American Standard” six of thirteen specifications covering 
the design of steel rails and their accessories, which have 
submitted by the American Electric Railway Association, one 
of the pioneers in industrial and engineering standardiza 
Considerable progress has been made in the consideration of the 


remaining specifications. 

The specifications which have been approved cover the de-ign 
of the following: Nine-Inch Girder Grooved 
Girder Grooved Rail; Nine-Inch Girder Guard 
Girder Guard Rail; Joint Plates for Seven-Inch Girder Gi ed 
and Girder Guard Rails; and Joint Plates for Nine-Inch Girder 
Grooved and Girder Guard Rails. Some of these specifi: 
were adopted as standard by the A.E.R.A. as far back as 107 
The extent to which they have come into goneral use is indicated 
by the fact that one of the principal manufacturers of stee! rails 
reports that approximately 79 per cent of his total tom 
girder rails shipped to electric railways dur'ng 1922 was A.b.R.A 
standard. This same company reports that during the past 
years 62 per cent of its total tonnage of electric-railway ler 
rails was A.E.R.A. standard. 


tail; Sever 


tail; Sever 





Code on School Lighting. The lighting, building, edu 
health, and social agencies of the country have joined ha in 
an effort to develop a nationally accepted code for school | ting 
which will correct the conditions partially responsible for the 
defective vision of 10 to 20 per cent of the school children. The 
A.E.S.C. has appointed the American Institute of Architect~ and 
the Illuminating Engineering Society joint sponsors for a Cod 
on School Lighting. The sponsors will organize a representativ! 
sectional committee to formulate the code and will provi for 
the publication of the code after it has been approved | the 
A.E.S.C. he g 
Standardization in Denmark. The A.S.M.E.’s correspondent @ of 
in Berlin reports as follows: “According to the Danish news Am 


paper Ingeniéren Nr. 2 of January 13, 1923, the Standardization 
* " e = ‘ > oD) 
Committee of that country heid a meeting on December 12, 1924, 
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it which the question of coéperation with other national standard- 
vation committees was discussed. During this discussion it was 
pointed out that if it is a question of coéperating with one country, 
hat country would most likely be Germany, as working with 
ngland is impossible on account of the inch system of measures 
use there. A complete adherence to German standards may, 
wwever, easily lead to dependency; the more so as there is hardly 
nv Danish export of industrial products to Germany.” 
\lthough it may readily be admitted that the German standards 
ll be worked out perfectly, it is on the other hand almost certain 
it small Denmark will have no influence on such standardization 
was finally agreed, therefore, to strive for the creation of 
Inter-scandinavian Standards by Finland, Norway, Sweden, and 
Denmark. 
[ce-Cooled Domestic Refrigerators. The American Institute of 
\rchitects has requested the A.E.8.C. to arrange for a national 
nference of all interests involved to consider the desirability 
d feasibility ol establishing standards for ice-cooled domestic 
refrigerators both as to size and cooling per pound of ice melted. 
e American Institute of Architects 1s prompted to make this 
request by the belief that it is both desirable and feasible to estab- 
a standard rating for domestic refrigerators, based upon ther- 
conductivity. There are, of course, many other features of 
ign and construction affecting refrigerator efficiency which 
uld be considered. There is today no criterion for ice-box 
ciency by which either the public or the architectural profession 
y judge of values in terms of ice economy and food preservation. 
There is a wide variation in the chilling effect of the melting of a 
ind of ice in the various types and makes of domestic refrig- 
tors now on the market. Some of them are practically worth- 
Not only are they wasteful of ice, but they also constitute 
enace to health in that they do not preserve the food placed 
em 
es for U. S. Flags. Most every one assumes when they buy 
ig that it is an exact replica of “Old Glory.” True, it has 
13 stripes and 48 stars, but the size may be one of several hundred 


do not conform to Government standards. On October 
23, 1922, flag manufacturers met in conference with representatives 
e Army and Navy, and others interested, to determine upon 
thed for establishing flag sizes which would be comparatively 
in number and, moreover, would conform to the standards 
table to our Government. An executive order by President 
m in 1916 set up 12 sizes as standards for United States flags, 
it is upon the basis of this, together with a survey by the 
ifacturers, that a subsequent conference is contemplated for 
nal adoption of national standards for flag sizes. 


\ 


The Late Dr. Schuyler Skaats Wheeler 


A LEADING inventor and engineer in the electrical field, 
si Dr. Schuyler Skaats Wheeler, died suddenly of angina 
pectoris on April 20, 1923, in the sixty-third year of his age. Dr. 
er was born in New York and was graduated from Columbia 
rsity in ISS1. After a few minor connections he became a 
er of the staff of Thomas A. Edison, and for three years was 
ngaved in installation work. From 1886 to 1888 he was connected 
h the C. & C. Motor Co., which he helped to organize. 

In 1888, the Crocker-Wheeler Company, of New York and 


Ampere, N. J., was formed with Dr. Wheeler as president, a position 
Which he occupied up to the time of his death. This company was 
the first in the world to manufacture small electric motors, and 
during the past thirty-five years has installed more than 1000 
electric drives designed by Dr. Wheeler. 

Dr. Wheeler was an organizer and founder of the United En- 
fineering Societies, and was a member of the national, civil, elec- 
'rieal, and mechanical engineering societies. He was for a time 
President of the American Institute of Electrical Engineers, to which 


he oe 


gave the Latimer-Clark library, said to be the largest collection 
rare electrical books in existence. 


He became a member of The 
Amer 


in Society of Mechanical Engineers in 1899. 
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Water-Power Resources of Canada 


\ TATI R power is one ol Canada’s most basic and \ ilued 


natural resources. The 


capital invested in this develop- 
ment, well over half a billion dollars, 


est single industries. 


makes it also one of her great- 
The Water Power Branch of the Canadian 
Department of the Interior has for the past three years been 
collecting and analyzing data, and in a recent report presented some 
of its results 

The known available water power in Canada is 18,255,000 hp 
for conditions of ordinary minimum flow and 32,076,000 hp. unde 
a flow of estimated maximum development, that is, dependabl 
for at least six months of the year. These estimates have been 
made on the basis of 24-hr. power at 80 per cent efficiency. The 
ordinary minimum flow is based on the averages of the minimum 
flow for the lowest two consecutive seven-day periods in each year 
over the period for which records are available The estimated 
flow for maximum development is based upon the continuous 
power indicated by the flow of the stream for six months in the 
year. 

The Interior Department believes that these are conservative 
estimates since an analysis of existing water-power plants scattered 
from coast to coast, concerning which complete data are available 
as to turbine installation as well as satisfactory information regard- 
ing stream flow, gives an average machine installation 30 per 
Apply- 
present re- 
corded waterpower resources of Canada will permit a turbine in- 
installation of 41,700,000 hp. 

The total capacity ol 


cent greater than the six-months’-flow maximum power. 
ing this to figures quoted above indicates that the 


the water wheels and turbines installed 


is 2,973,759 hp. or 338 hp. per thousand population. 


Canada’s 
position is second only to that of Norway in the per capita 
utilization of water power. 

In the central-station industry in which there is an installed 
turbine capacity of 2,204,486 hp., 1,556,956 hp. is installed in 
privately owned stations and 647,530 hp. in publicly owned stations. 

Pulp and paper manufacturing is a typical and preéminent 
Canadian industry with a future of almost unlimited prosperity 
ahead of it, the result of two natural advantages of almost equal 
moment, namely, an abundant supply of growing pulpwood and 
cheap accessible motive power in large quantities. The importance 
of cheap power lies in the fact that it takes practically 100 hp. to 
produce one ton of paper per day It is not surprising, therefore, 
that the motive power used in this industry is almost altogether 
restricted to hydraulic energy and that Canada’s premier advantage 
and position in the pulp and paper field rest on adequate and 
abundant water power well distributed among extensive forest 
reserves. 

Water power is operating 113 pulp and paper mills in Canada, 
664,S05 hp. being employed. Of this total, 482,228 hp. is actually 
installed in connection with the mills and 160,577 hp. is purchased 
from hydroelectric central stations. 

The innovation of the electric drive is having a marked and 
favorable influence on pulp and paper manufacturing processes. 
It makes possible the centralized operation of fewer and larger 
mills receiving power from several power sites, together with the 
further advantages of uniform speed and better control in grinding, 
thus lessening costs of operation, construction, and shipping. 
Of the 484,228 hp. actually installed in pulp and paper mills 183,311 
hp. is used in the electric drive, besides which there is 160,577 hp. 
of hydroelectric energy purchased from central stations, thus 
bringing the total horsepower that is employed in the electric drive 
up to 343,888. 

The water power now developed in Canada represents an in- 
vestment of over $620,000,000. In 1940, should the rate of growth 
in installation during the past fifteen years be continued, this in- 
vestment will have grown to over $1,100,000,000. The present 
development represents an annual equivalent of 26,700,000 tons 
of coal, which, valued at $10 per ton, represents $267,000,000. 
In the year 1940 these annual figures will, with the foregoing as- 
sumption, have become 50,000,000 tons and $500,000,000, respec- 
tively. 
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Meetings of Other Societies 
AMERICAN SoOcIETY OF CriviIL ENGINEERS 


The river and harbor problems of the lower Mississippi was the 
general subject under discussion at the spring meeting of the 
(American Society of Civil Engineers held at New Orleans, April 
IS-20, 1923. A number of the eleven papers presented at the 
two technical sessions dealt with navigation control and operation, 
others with flood control. Maj. L. H. Beach, chief 
Ce: Corps of Engineers, described the work of the Engineers’ 
Corps on the Lower Mississippi, A. L. Dabney, consulting hydrau- 
lic engineer, the success of the levees during the flood of 1922, 
and L. H. Parmelee, consulting engineer, Helena, Ark., the high- 
water fight at Old Town, Ark., in 1922. 

The economic location of jetties was discussed by Henry C 
Ripley, consulting engineer, Detroit, Mich., and river control by 
John Klorer, city engineer of New Orleans. Transportation on 
the Mississippi River was the subject considered by two speakers, 
ee manager of the International Mercantile Marine 
and the Frederick Leyland Company, Ltd., New La., 
the Hon. Joseph E. Ransdell, U. 8. Senator from Louisiana. 
The former took up the question of the revival of commercial 


and the 


Sanders, 


Orleans, 


} 
and 


transportation, and the latter spoke on the economies of trans- 
portation 

The port problem was also the subject ol two papers, presented 
by John F. Coleman and Samuel M. Young, both of whom are 
associated with the Board of Port Commissioners, New 
lliott J. Dent, Lt-Col., U. S. Corps of Engineers, 
paper entitled The Mouths of the Mississippi River 

John R how 
consulting hydraulic engineer, Providence, R. ® pointed out the 
necessity of an experimental hydraulic laboratory for the solution 
of river problems. Mr. Freeman discussed the present state of 
knowledge of river hydraulics, described the few experimental 
laboratories of the kind sought, and the suggested design for the 
one proposed in Senator Ransdell’s bill presented at the last session 


ot ( ‘ongress, 


Orleans. 
presented a 


Freeman, a past-president of the society and 


An all-day excursion by steamer to points of interest in New 
Orleans Harbor, Inner Harbor Canal, and Lake Pontchartrain 
gave the members an opportunity to study conditions for them- 
The trip covered the entire harbor frontage of the Mis- 
sissippi River on both sides. 

Previous to the meeting the 


selves. 


Soard of Direction held a two-day 
SeSs1On. Among the items of business transacted was the author- 
ization of a committee of five to confer with other national societies 
looking toward coéperation in matters of interest in public affairs; 
the approval of the recommendations for Government reorganiza- 
tion, particularly of those tending to divorce civilian engineering 
activities of the Government from engineering duties which are 
under military control; and the acceptance of two grants from 
Foundation, one of $1000 for the investigation of 
concrete and reinforeed-concrete arches, and the other of $4000 
for the investigation of steel columns. 

The next meeting, on the subject of highways, will be held in 
Richmond, Va., sometime in October. 


engineering 


Society OF INDUSTRIAL ENGINEERS 


The major subject of the tenth annual convention of the Society 
of Industrial Engineers, held in Cincinnati, April 18 to 20, 1923, 
was the effective management of the moderate-sized plant. Prof. 
Joseph W. Roe, president of the society, who spoke on Three 
Phases of Management: Financial, Sales, and Production, at 
the opening session, stated that although the large plant had a 
great advantage over the small one in the field of purchases and 
sales, in actual production the small plant could frequently compete 
with the large one on even or on better terms. 

Speaking at a meeting of the educational group of the society 
on Economies and the Smaller Plants, Ernest F. Du Brul, general 
manager of the Machine Tool Builders’ Association, presented fig- 
ures from the Census of Manufacturers, 1919, which he believes 
verify statistically the economic principle that the division of 
labor is an economic benefit, not only in increasing product per man 
but also in increasing profit until a point of maximum efficiency 


ENGINEERING Von. 


1. No 


is reached. Mr. Du Brul therefore advocates the e 


of industry in larger establishments 


meentratho 


Meetings of the production and personne! groups were also he 
Chester B. Lord, industrial engineer, National Automatie To 
Co., Richmond, Ind., addressing the former on Production Cont: 
Systems for the Special Order Shop, and J. J. Davis, Paine Lum! 
Co., Oshkosh, Wis, the latter group. 

Chief among the general sessions Was that given over to a d 
participation in management. The 
side was presented by John P. Frey, editor of the Jnternat 
Volders’ Journal; the employers’ side by Charles R. Hook, ger 
Rolling Mill Co., Middletown, Ohio (1 
in his absence by M. i. Danford, of the same company 


cussion of workers’ work 


manager, American 
’ and 
engineers’ side by John Calder, consulting engineer, Lexingt 
Mass. Daniel Bloomfield, Boston, editor of Industrial Relat 
gave a summary of surveys of 500 plans of employee representat 
made by him during the past few years 

Mr. Frey attributed SI per cent of the waste in industry to 1 
agement, 9 per cent to labor, and 10 to subsidiary causes 
believed that the only way waste could be eliminated was fo1 
and the 
together to discuss and handle the various problems. 


management, the efficiency engineer, workmen to 

Mr. Hook’s paper described the organization and functir 
an advisory committee system in toree in his organization for 
years. 
of the 
pointed out the benefits to be derived from a codperative si 
which builds confidence and satisfaction on both sides 


He emphasized the importance of a proper understat 


motives actuating the management of the business 


Mr. Calder spoke ior an organized representation allow 


worker a where it touches hin 


voice in the management 
*Nost workers,’ he stated, 
ment solely when their personal interests are concerned, a1 


closely. “Want to count in ma 


is a Wise manager who begins industrial relations ther 


AMERICAN GEAR MANUFACTURERS ASSOCIATION 


Progress in the standardization of gears, as evidenced by r 

American | 
\ssociation, held in Cleveland, April 19-21 

is indicative of a great deal of study and a fine spirit of cCOOpe}: 


presented at the seventh annual meeting of the 
Manufacturers’ 


on the part ot the members of the standardization comn 
One of the most important of these reports Was that of the 
and spiral bevel-gear committee concerning a new system 
gears which has been worked out at the Gleason W orks, Rocl 
| ae 9 
as recommended practice for future design. 
B. IF. Waterman, chairman of 
committee, summarized the work of the va 
He advocated that the 
mittee, which tended to eliminate the great 


The proposed system Wis adopted by the 


ASSO¢ 


neral standard 


lous 


the ve 
sub-comy 
recommendation of the worm-g 
liversity of he 
necessitated by the variance in customers 


out for six months, 


speciication 
after which definite 


action might be 
He announced a recommendation to be submitted by the 
lurgical heat treatment of A. \ 


and a forthcoming report on the nomenclature 


committee, covering the 
steels, 
The proposed tentative American standards which hav 
submitted include gears and pinions for electric cailroad 
gray-iron industrial spur gears, specifications for forged an 
steel for gears, specifications for cast steel for gears, and 
cations for brass and bronze for gears. During a general di 

ol various phases of standardization, it was urged that t 
ciation should standardize tooth curves, that inspection 

start with tooth curves, and that tooth forms for large-siz 

gears should be standardized. 

The report of the association’s representatives on the A.+.\ 
research committee on gears stated that the special gear-te-ting 
machine designed by Wilfred Lewis had been found to 
development, and that Ralph E. Flanders, of the Jones & | 











D 

Machine Co., had been authorized to solicit subscriptions frot y 
interested in this research work. I 

Among the technical papers presented was one on Grinding an¢ Th 
Measuring Involute Gear Teeth, by E. J. Lees, Lees-Bradner “ nt 
Cleveland; one by Wilfred Lewis describing the special g test- ut ; 
ing machine of his design; one on Tooth Forms of Automob! seen 
Gears after Cutting, Hardening, and Grinding, by K. L. Herman, intro 
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the 


i ckwell 
pomted 
the determination of 


iracteristics of the spark when thi 


e in the spark produced in the 


imple - 


()! OF THI: first con 





Studebaker 


Corpn., Cll} ha IZINY that quietie ~ depends 


the accuracy with which vears are cut: and one by S Pr. 
metallurgical engineer, of Hartford, Conn.. who was 
metallurgist for the association. Mr. Rockwell dealt 


grade of steel by obse rvation ol 


sample is 


1 


rasive wheel, and gave actual demonstrations to show the differ- 


grinding operation with the use 


ol differs nt carbon analysis. 


Industrial relations, labor shortage, and cost accounting were 
mg other subjects discussed at the meeting Geo. L. Mark- 

d, Jr., of the Philadelphia Gear Works, was elected president 
iwcceed FF. W. Sinram, who has held the office since the form- 
nh of the organization in 1917. Mr. Sinram was elected 
il esident for life 


Progress of Coal-Storage Campaign 


ut Company in aiding employees to secure their full supply of 
arly in the season is the Adirondack Power & Light Co., of 
nectady, N. ¥ Upon receipt of the outline of the Storrs Plan 
the Federated American ] ngieering Societies. this company 
h C. S. Ruffner is general manager, sent a comm Inicatiol 


vees which re 
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the 
held against an 


panies to follow the lead of the Connecti- 


NGINEE RING 4 










XN, f ‘ 

The Westinghouse Electric & Manufacturing Co. rep 
it is making a study of the plan which will be put into operation 
if found fe ble for their organization Other compani 
desirous of developing their own plans, based upon the Storrs | 
Meanwhile the F.A.E.S. Committee on Coal Storag 
organizing Those who have ilready iccepted ppe 
the committee are \\ L. Abbott chief oper iting engine 
(C‘Commonwealt edison ¢ Chicago. cl] il P. F. Wa 
dea ( neering. Universitv of Kansas: 8S. W. P 
of applied ( I ersit Hlinois; H. I Ba 1) 
roof the U.S. B f MM iL. BE. Y | | 














































TOORTTAT 
COU! 


Introd | 


Ameri il DOOK 


he manu! 


ively devoted to 
the 


1 is- 
refineries, 


rehning 


acturing process, arrangement oft 


aratus and treatment used, the storage and transportation 
et Intended to 


give the ndamental information needed 


? 
it 
about to erect refineries or by those engaged in the industry 


ha picture of it as a whole 


vE Repat \ 3, For Battery Service Men; vol. 4, For Tire 
e Mer B i. % Wright John Wiley & Sons, New York 
man & Ha Londor 1923 Cloth, 6 9 in., Vol } OST pp 

1, 305 pI 11ius tables, $3 each 


two volumes complete this extensive work on the repair of 
biles by presenting methods for repairing tires and batteries. 
low the plan of the earlier volumes in giving for each job, 
outline of the necessary operations, then the materials, 
d parts required and, finally, a detailed description of the 
The reasons tor each operation are given. The 


ns are clear and practical, and cover almost every emergency 


also 


arise, 


IPFTURBINEN. Vol. 1; Theorie der Dampfturbinen. By Const 
emann. Walter de Gruyter & Co Serlin and Leipzig, 1923. 
rds, 4 6 in., 150 pp., diagrams, $0.25 


rst portion of a three-volume work on steam turbines which 
led to give not only the theory and thermal calculations, 
) practical information on design and construction, and an 
of present practice. The work is designed as 
tion for students and practicing engineers. 


a concise 


present ve me is ceoneerned chiefh 


laws of heat, the properties of steam and it- 
hrough orifices are explained. The utilization of the r 
steam in turbines, including methods of reducing speed 
considered, and this is followed by a discussion of loss the 
turbine, efficie and power The final section treats 


heat, and fuel hsumptiol 


ELEKTR« HNIK \ t- Die Erzeugung und Verteilung der Ele} 
Energi By Immanuel Hermann Walter de Gruyter & ¢ Be 
ind Leipzig, 1923. Boards, 4 6 in., 138 py is., diagrar $0.2 
One of a series of small volumes giving an outline of electrical 


engineering in greatly condensed form. The present volume is 


concerned with the generation and distribution of electricity and 


discusses in five chapters powel plants, methods of distrib ition, 


switch apparatus, distributing networks, and the cost of electric 


power. 


ELEMENTS OF APPLIED Puysics. By 
McGraw-Hill Book ¢ New York 


in., 483 pp., diagrams, $3 


Alphe is W 
and 


Smith. First 


Londor 1925 ( t} i & ) 


illus., 

Prepared for students who are primarily interested in the practi il 
applications of physics, this book has been written with their train- 
ing and habits of thought in mind and includes those topics that 
\ large number of illustrations 
of the applications of physics to engineering and every-day life are 
given in an effort to stimulate the student to recognize the universal- 
itv of physical laws and to find in them the explanation of ¢ 
day experiences. 


they can assimilate thoroughly. 


veryv- 
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Handbuch fur Eisen- 
Wilheim Ernst & Sohn, 
illus., diagrams, tables. 


FLUSSIGKEITSBEHALTER. RoOHREN, KANALe. Vol. 5, 
betonbau. By F. Emperger. Third edition 
Berlin, 1923. Paper, 7 X 11 in., 409 pp., 
$3.24. 

Volume 5 of Emperger’s well-known handbook has reached 
the third edition. It contains two chapters, one upon tanks for 
liquids, the other upon pipes, open conduits, aqueducts, and canal 
bridges. The first of these chapters has been entirely rewritten by 
Dr. Léser, Dr. Grin and Dr. Lewe. It now includes the experience 
resulting from the extended use of concrete tanks for many purposes 
since the appearance of the second edition in 1910. The composi- 
tion of waterproof concrete, waterproofing compounds and paints, 
and the chemical effects of various liquids are discussed in detail. 
Similar detailed attention is given to the staties of tank construction, 
where an attempt is made to set forth modern methods of calcula- 
tion in an easily understood form and to illustrate them by num- 
erous examples. The chapter on pipes and conduits has been 
thoroughly revised by F. Lorey, in the light of recent experience and 
modern structures. 


Four Lecrures ON RELATIVITY AND SPACE By Charles Proteus Stein- 
metz. First edition. McGraw-Hill Book Co., New York and London, 
1923. Cloth, 6 9 in., 126 pp., diagrams, plates in pocket, $2. 

In these lectures the extensive use of mathematics has been 
avoided. Dr. Steinmetz has attempted to give the layman and 
the engineer who is not an expert mathematician a general know- 
ledge and understanding of the new ideas of time, space, the laws 
of nature and the characteristics of the universe which the relativity 
theory has deduced, and of the researches on which the theory rests. 
UND WASSERVERSORGUNG DER 
Walter de Gruyter & Co., Berlin and Leipzig, 
121 pp., illus., $0.25. 


Gas 


Wilhelm Schwaab. 
Boards, 4 X 6 in., 


GeEBAUDE. By 
1925. 


The purpose of this little volume is to give those interested in 
gas and water installations in buildings a concise bird’s-eye view of 
the subject. The first division of the work treats of gas, describing 
its manufacture, the method of distributing it and of installing the 
piping in the building, and its use for lighting, heating, ete. The 
second section of the work discusses the water supply in a similar 
way. 

HANDBOOK OF BUSINESS CORRESPONDENCE. ByS. Roland Hall. McGraw- 
Hill Book Co., New York and London, 1923. Fabrikoid, 5 X 8 in., 
1048 pp., illus., $5. 

A small encyclopedia for advertisers and for business men 
generally, by an experienced manager of sales. Describes the 
organization of a mail-sales division, methods of caring for dicta- 
tion, processes for printing and reproducing letters. Gives advice 
on the composition of letters for various purposes—selling, collect- 
ing, adjusting, ete.,—or to various kinds of people, and illustrates 
this advice by numerous models. 

HANDBOOK OF STEEL Erection. By M. C. Bland. 


Graw-Hill Book Co., New York and London, 1923. 


in., 241 pp., tables. $5. 


First edition. Me- 

Fabricoid, 4 X 7 
A pocketbook for engineers and contractors. Section one re- 
views briefly the ordinary methods for erecting bridges, buildings, 
standpipes and other structures. Section two, on equipment, con- 
tains numerous examples illustrating the design of ordinary appli- 
ances and data for finding the wheel and outrigger loads of locomo- 
tive cranes and derrick cars. Section three gives the detailed com- 
putations for several representative problems in the erection of 


bridges and buildings. Section four consists of mathematical 

tables. 

HeizunNG unp Lurruna. Vol. 1; Das Wesen und die Berechnung der 
Heizungs- und Luftungsanlagen. By Johannes Korting. Walter 


de Gruyter & Co., Berlin and Leipzig, 1922. Boards, 4 


$0.25. 


6 in., 139 
pp., diagrams, 


A concise guide for students of heating and ventilation. Deals 


with theoretical principles, rather than practical details. 
History oF THE THEORY OF NUMBERS. Vol. 3, 


Forms. By Leonard E. Dickson. 
Washington, D. C., 1923. 


Quadratic and Higher 
Carnegie Institution of Washington, 
Paper, 7 X 1in., 313 pp., $3.25. 

The third volume of this exhaustive history treats of the arith- 
metical theory of forms and is concerned mainly with general 
theories rather than with special problems and special theorems. 


ENGINEERING Vou. 45, No. | 
The investigations here in question are largely those of leadi: 
experts and deal with the most advanced parts of the theory « 
numbers. Many of the papers are so recent that all previous rv 
ports and treatises are entirely out of date. Every effort has be« 
made to make the list of references complete. 
INDUSTRIAL Furnaces. Vol. 1. By Willibald Trinks. 


Sons, New York; Chapman & Hall, London, 1923. 
319 pp., diagrams, 34.50, 


John Wile 
Cloth, 6 kK 9 


This volume deals with the fundamental principles that under 
all industrial heating operations and furnace design, and w 
those applications which are independent of the kind of fuel 
energy supply. The principal subjects discussed are the heat 
capacity and fuel economy of furnaces, heat-saving appliane 
combustion furnaces, 


furnace strength, and durability, and 


movement of gases in furnaces. A succeeding volume will treat 
specific applications of furnaces. 

The book is based on articles published in the Blast F 
and Steel Plant and the American Drop Forger, revised and 
panded. 


INDUSTRIAL ORGANIC CHEMISTRY. By Samuel P. Sadtler and L. J. M 
Fifth edition. J. B. Lippincott Co., London and Philadelphia, 1 
Cloth, 6 X 9in., 691 pp., illus., diagrams, tables, $8 

The fifth edition of this well-known treatise follows the gen 
plan of the preceding ones, but it has been thoroughly revised 
to a considerable extent rewritten. Within a single volum 
moderate size, it takes up a number of the more important indust: 
or groups of industries based upon organic chemistry, and s} 
the existing conditions in them. This is done in language that 
be understood even by those who are not specially trained 
chemistry. 

In taking up the several industries, the raw materials are 
enumerated and described. The manufacture 
then outlined and explained, and the intermediate and final products 
are characterized. The analytical tests and methods used to con- 
trol the processes or to determine the purity of the product 
then given. A bibliography is appended to each chapter. 


processes of 


By Malcolm Keir. 
9 in., 421 pp., $2.75. 


INDUSTRIAL ORGANIZATION. 
1923. Cloth, 6 


Ronald Press, New } 


The author of this work believes that many persons find - 
nomics difficult and uninteresting because they have little concep- 
tion of the complex industrial order by which the ordinary I 
saries of life reach the consumer or of the complete organi: 
of our national business life. This interesting volume is inté 
to supply such a background of facts about our industrial organ iza- 
tion, to present a picture in perspective of the interlocking fa rs 
of our industrial life, and thus to make it possible for the rea 
understand and appreciate theoretical economics. 

By F. B. H. White. 

1923. (Pitman’s 

7 in., 118 pp., 


Isaac Pitman & Sons, London 
Commodities ind Ind 


tables $1. 


NICKEL. 
York, 
( ‘loth, 5 


Common 
illus., 

A brief account of the occurrence of nickel, the methods s 
covering and refining it, and the uses of the metal and its 
Written in simple style and intended for readers who 
specialists, but who wish general information 


PRINTING TELEGRAPH SYSTEMS AND MecHANisms. By H. H. H 
Longmans, Green & Co., New York and London, 1923. M 
of telegraph and telephone engineering.) Cloth, 6 X 9 in., 4 


diagrams, $7. 


Intended as a reference book for designers of telegraph n 
and as a textbook for those engaged in telegraphy, this | 
comprehensive study of the principles and mechanism 
are involved in p inting telegraphs and a history of the devel 
of the art. 

Loree D Ay a 


*) 
8 in., 771 


RAILROAD FrReiGHT TRANSPORTATION. By L. F 
Co., New York and London, 1923. 


diagrams, map. $5. 


Cloth, 5 


All of the functions of a railroad arise from and focus in trans 
portation. As they have become highly specialized, the fu 
of each department have found exposition in many books. 
book has been written immediately concerned with transport. tlo2, 
the reason for the existence of the railroads. It is the purpose 
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this book to assemble in reasoned order all of the phases of loading, 
distribution of cars, movement of engines and trains, handling of 
en, the features of permanent way and shop plant, the organiza- 
n through which they are controlled, and the accounting made 
their activities 







as they are related to transportation. It is 
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eonecerned with all that enters into freight transportation 
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Systems and Sewage Treatment Plants By A. Prescott Folwell 
Ninth edition. John Wiley & Sons, New York; Chapman & Hal 
London, 1922. Cloth, 6 X 9 in 177 pp., illus., diagrams, tables 
$4 


itended as a reterence 


stude nts 


hook for citv engineers and as a textbook 





The present edition has been revised to include new 
since the publication of the eighth edition, whil 
pace devoted to methods that are disappearing 
The 


sewage in the 





elopments 






ie same time the 





heen reduced volume includes a list of all the plants for 


L'nited States 
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> THE Fret BSTANCES 
Gilbert Newton Lewi nd Merle Randall MeGraw-Hill Book Co 
New York and London, 1923. Cloth, 6 9 in., 653 pp., tables. $5 
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authors have attempt d to meet the needs of three classes of 
ers: first, the thermody, 


chemistry and 





beginner who wishes to learn what 






es is and what kinds of problems in physics, 
solved by ifs uid 
( philosophical 
py; third, the n 


eering can be the reader who looks 


~f cond. 


implications of such concepts as energy and 





estigator who seeks the specific thermody- 
ire applicable to the problem of pure or 
pplied science which he has attacked and the data required for its 
tion The book is not a textbook in the ordinary sense of the 
ilthough the aut! 





methods whic! 







iors trust that it will be useful in advanced 


il courses 


It is designed rather as an introduction to re 







and as a guide to anyone who wishes to use thermodynamics 
ductive work 
Va ENGTH TABLES 1 SprecTRUM ANALYSIS By F. Twymar Ad 







Hilger, London, 1923. Cloth, 6 * 9 
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Important to A.S.M.E. Members 
Interested in Stress Analysis 
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1922 Annual 


Division, an 


Meeting, under the 
extremely valuable papel dealing 
sses in locomotive frames was presented by R. Eksergian 
er gives a lengthy and complete discussion of the analytical 
to be followed in 


AUSPICes ol the 








determining stresses in locomotive 



















of the fact that there was a great wealth of material 
tented at the last Annual Meeting and that the Committee on 
n and Papers was compelled to reduce the size of Trans- 
» the minimum, it was decided to omit Mr 
iper } mn 







iksergian’s 
| the annual volume, but to print pamphlet copies of 











CO lete paper with the discussion on it, and supply copies 
hembers who might desire to have them. The number of copies 
"inted will be limited to the number of requests for it received 
‘ore September 1. Requests for this pamphlet should therefore 
sent to the Secretary's office before that date. 





\ synopsis of the paper follows. 


Members of the Society are 
request ¢ 


d to study this carefully and determine whether the sub- 
‘matter would be of value in their work. It may be stated 
at the analytical methods developed by Mr. Eksergian should 
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prove of value to all engineers engaged in the study tresses 

howsoever set up 

Synopsis oF R. EKSERGIAN'S PAPE! > SSES I { m= FRAMES 
This paper is essenti i f the r Ir ti 
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bi t r t ter 
llati t tyr at 
thie tat tT ‘ 
A brief t met ! tl ture exper 
work is d | \ lix N 4 


U. S. Navy Crane Ship No. 1 


oe 41 
ends of a cross-shaft supported in bearings in the housing Chis 
shaft is driven by two 110-hp. General Electric type M.B. No 
107 motors to which it is geared by two reductions of spur gearing 


ind one herringbone 


The 


separate 


reductior 
‘tors and is driven by 


motor shaft is betwee1 the 


pinions meshing with a single 


A flexible coupling connects the pinions to the motor, and 
provided with a magnetic disk brake 
itt iched tot 


hac k stays. 


and the lower nuts are 


( ic} pinion is 
Th 


while the lower 


crews thread throu 


uppel h nuts 


1e crane jibs 
All 


so arranged 


nuts are ca nuts are 
that their 


the jib is 


trunnion mounted, 


trunnion bearings are rigi locked in when 


position 


raised off the cradle; but as the jib is lowered to its 


seagoing 
position, these bearings unlock automatically and the nuts slide 
off so that 


1 possible tension or compre ssion can be set up In the 


screws due to weaving of the ship. All of the movements of this 
mecbanism are supplied with limit switches which prevent over- 
travel. A lever-operated band brake controlled from the operator’s 
cab is attached 

The foregoing account is based on information kindly supplied 
to MECHANICAL ENGINEERING by the office of Rear-Adm. J. W. 
Beuret, Bureau of Construction and Repairs, Navy Department, 
Washington, D. C., officers of the League Island Navy Yard, 
Philadelphia, Pa., and by the Wellman-Seaver-Morgan Company 
Cleveland, Ohio, builders of the crane. 


Discussion on Oritice Coefficients 


( niinued from page 348 






the plane of the orifice the true pressure could be obtained at any 
geometrical point of the given pipe. Similarly, by extending the 
various curves on Fig. 5 the coefficient for any geometrical point 
close to or at the plane of the orifice could be obtained. He could 
see no reason why the most reliable position for pressure taps 
was in the plane of the orifice. 

Mr. Hodgson had referred to the theory of dynamical similarity 
Mr. Pigott had 
stating that Dr. Buckingham had predicted 
the characteristics of the orifices and the behavior of the jet at the 
various geometrical distances as found by the test. Obviously 
more tests would have to be run on various sizes of pipes before 
the validity of the geometrical similarity would be established. 


as applied to orifices in various sizes of pipes. 
also referred to it, 










MECHANICAL ENGINEERING 








THE ENGINEERING INDEX 


(Registered United States, Great Britain and Canada) 





Exigencies of publication make it necessary to put the main body of The Engineering 
Index (p. 115-El of the advertising section) into type considerably in adoance of the date 


of issue of “Mechanical Engineering.” 


To bring this service more nearly up to date is 


the purpose of this supplementary page of items covering the more important articles 
appearing in journals received up to the third day prior to going to press. 





AIRPLANE ENGINES 

Wright. Wright-Navy Development 
Great Increase in Engine Life, B. G 
R. M. Parsons 


Work Yields 
Leighton and 
Automotive Industries, vol. 48, no 
17, Apr. 26, 1923, pp. 928-931, 2 figs. Changes in 
valves, valve seats, cylinder design and bearing 
metal multiply durability and render overhaul 
much less frequent Results of tests completed on 
Wright E-2 model by Bur. of Aeronautics, Navy 
Dept 


AIRPLANES 


Fokker. 
Age, vol 
6 hgs 
simple 
wings 


ALCOHOL 


Fuel. Alcohol Vields Higher Thermal Efficiency Than 
Other Fuels. Automotive Industries, vol. 458, no 
16, Apr. 19, 1923, pp. 876-877. Tendency to preig 
nition is noted with 7 to 1 ratio; increase in water 
content up to 10 per cent is advantage especially 
under high compressions; no corrosion in engine 
From interim report of Brit. Empire Fuels Com 
mittee 


AUTOMOBILE ENGINES 


Tappet Lever, Positioning. Proper 
Tappet Lever Lessens Valve Mechanism 
Glenn D. Angle Automotive Industries, vol. 48 
no. 17, Apr. 26, 1923, pp. 925-927, 9 figs. Correct 
layout with respect to end and axis of valve stem 
results in reduction of sliding motion; pure rolling 
action a prime requisite; question of material of 
secondary importance 


AUTOMOBILES 


Citroén-EKegresse. 
Car Engineer, vol 


Fokker F 5 Commercial Transport Acrial 

16, no. 5, May 1923, pp. 218-219 and 2382 
May be flown as biplane or monoplane by 
expedient of attaching or removing lower 


Positioning of 
Wear, 


Motor 
1923 


across 


Crossing the Sahara by 
135, no. 3511, Apr. 20 
pp. 414-415, 9 figs. Account of journey 
Sahara Desert and return of four Citroén 
mounted on Kegresse flexible tracks 

BELTING 

Leather. How a Leather Belt Transmits Power, ] 
Edgar Rhoads and R. R. Tatnall Am. Mach., vol 
58, no. 17, Apr. 26, 1923, pp. 629-631, 3 figs. Fac 
tors affecting power transmission; forces acting on 
belt; effect of centrifugal action on running belt 
change in length, creep and slip 


BOILER OPERATION 


Temperature and Draft Measurements. The Con 
trol of Boilers by Temperature and Draught Mea 
surements, John B.C. Kershaw. Engineer, vol. 135, 
no. 3513, Apr. 27, 1923, pp. 437-441, 14 figures. 
Author directs attention to interdependence of tests 
results for COs, temperature and draft; and describes 
some of latest indicating and recording instruments 
for making latter type of measurements. 


CARS, FREIGHT 
Six-Wheel Truck. 


cars 


The Boyden Six-Wheel Co 
ordinating Truck. Ry. Age, vol. 74, no. 20, Apr. 21, 
1923, pp. 993-995, 6 figs. Designed to provide 
extreme flexibility in order to minimize curve resis- 
tance and flange wear. 


CAST IRON 


Hardness Control. Controlling Cast Iron Hardness, 
S. J. Felton. Iron Trade Rev., vol. 72, no. 19, May 
10, 1923, pp. 1382-1383. Metallographic study 
showing different constituents indicates causes of 
hardness; control methods; close-grained iron not 
apt to be porous but has large internal shrinkage 


CENTRAL STATIONS 


Birmingham, England. The Nechells Power Station 
of the Birmingham Corporation, W. Noble Twelve- 
trees. Engineering, vol. 115, nos. 2978, 2979, 2982, 
2986, 2987 and 2989, Jan. 26, Feb. 2, 16,23, Mar. 2, 23, 
30 and Apr. 13, 1923, pp. 99-102, 136-137, 193-196, 
227-228 and 238, 291-294, 353-356, 385-388 and 
453-456, 101 figs. partly on supp. plates. Perma- 
nent generating station designed for ultimate capacity 
of 100,000 kw.; main power-house buildings com- 
prises boiler and engine house and adjoining building, 
details of which are given. 


CONVEYORS 


Moist Fuels. Moist Fuels Present Unusual Convey- 
ing Problems, Zuce Kogan. Power Plant Eng., vol. 
27, no. 9, May 1, 1923, pp. 461-463, 5 figs. Charac- 
teristics of various conveying systems which have 
been used with success around power plants. 

CORROSION 

Metals. Corrosion of Metals. Engineer, vol. 135, 
no. 3512, Apr. 20, 1923, pp. 412-413, 1 fig. Corro- 
sion of industrial metals; influence of heat treatment; 
heat- and acid-resisting properties of certain nickel- 


Monel 


nickel-chromium iron alloy 
tainless silver 
joint meeting Faraday 


and Manchester Met. Soc 


chromium and 
metal; dry corrosion 

papers presented before 
Soc., Inst. of Metal 


Review o 
of 


DIE CASTING 
Dies Design of Dic 
Machy N. ¥ 


716, 2 figs 


Dies 
May 
cause and 
importance ol proper 
casting 


Chark Pack 
1923, pp. 714 
elimination of 


casting 
vol. 29, no. 9 
Discusses 
blowholes in dic 
venting factors 
factors affe« 


casting 
influencing 
ting life of dies 


DROP FORGING 
Practice. Drop Forging 
Forging & Heat Treating, vol. 9, no. 4 
176-181, 6 figs Discusses principle 
mine size of bar or billet to be 
of drop forgings 


cost of di 


A\itchisor 
Apr. 1923, py 
which deter 
used for manufacture 
preliminary forging operation 


ELECTRIC FURNACES 

Acid. Acid Electric Steel Furnace Operation, || M 
Quinn Iron Age, vol. 111, no. 17, Apr. 26, 1923 
pp. 1177-1179. Iron oxide a controlling factor; its 
reduction from acid slag; method of charging scrap 

ENGINEERS 

Employment Service 
ing Employment 
News-Rec., 
S31 Plan 
under auspices 


FLOW OF AIR 


Measurement. The Measurement of Air Flow, R. O 
King Engineering 115, nos. 2990 
Apr. 13 and.20, 1923, pp. 456-458 and 481-482, 6 

Measurement of air flow by means of throttk 

plate with special reference to measurement of ait 

supply to internal-combustion engines 


FLYING BOATS 


Dornier Twin-Engined. 
Engined Flying Boat 


Practice Leslie 


Suggestions for An Enginec 
Service Morris L. Cooks 

vol. 90, no. 19, May 10, 1925, py 
proposed for nation-wide paid s« 

of Nat. Eng. Societies 


vol and 20901 


figs 


The Dornier ‘‘Wal"’ Twin 
Aviation, vol. 14, no. 17 
Apr. 23, 1923, pp. 444-445, 7 figs All-metal sea 
plane for long-range scouting and bombardment 
work has powerful armament 


FOUNDRIES 


Methods and Equipment. Foundry (Operates Ef 

ciently, Pat Dwyer Foundry, vol. 51, no. 8, April 
15, 1923, pp. 289-297, 16 figs Practice and equip 
ment at Ferro Machine & Foundry Co 
tion of Automobile-engine cylinders 
Trade Rev., Apr 
1231, 9 figs 


GAGES 

Inspection. Gage Inspection 
Daniels. Machy (N. ¥ vol. 29, no. 9, May 19 
pp. 702-705, 8 figs. Use of high-grade mea 
equipment for inspection of small tools 


GRINDING MACHINES 


Automatic. Automatic Grinding Machines, Ethan 
Viall. Am. Mach., vol. 58, nos. 16 and 17, Apr. 19 
and 26, 1923, pp. 577-580 and 613-616, 16 figs 
Apr. 19: Types of machines; methods of holding and 
feeding work; kinds and speeds of wheels: stock re 
moved and rate of production Apr. 26: Center 
less grinding; grinding tapered work on centerless 
machine. 


HANDLING MATERIALS 

Sugar Refinery. Materials 
Sugar Refinery, Homer L 
ment (N. Y.), vol. 65, no. 5, May 1923, pp. 306-313 
11 figs. Describes methods and equipment employed 
in plant of American Sugar Refining Co. at Balti 
more. 


HELICOPTERS 
Oehmichen-Peugeot. 


for produc 
See also Iron 
26, 1923, pp. 1225 


vol. 72, no. 17, 


Methods Fred 


uring 


Handling in a Modern 
Rank Indus. Manage 


The Oehmichen- Peugeot 
Helicopter. Aviation, vol. 14, no. 15, Apr. 9, 1923, 
p. 399. Consists of framework of duralumin tubing, 
forming cross with unequal arms; stabilizing appara- 
tus consists of gyroscope fixed to shaft of motor and 
turning at maximum peripheral speed of 130 m. per 
sec.; horizontal propulsion and control 


INDUSTRIAL MANAGEMENT 


Executives, Duties of. The Ways and Means of the 
Chief Executive, John H. Williams. Taylor Soc 
Bul., vol. 8, no. 2, Apr. 1923, pp. 53-58. Discusses 
subdivision of duties and responsibilities on basis of 
function or personality of executive; lodging of final 
authority in committees or individuals; centraliza 
tion or decentralization of authority; use of acummu 
lated experience or of research as measure of accom 
plishment; meeting of conditions as they arise or 
seeking to forecast and prepare for them in ad- 
vance. 


Von. 45, No. 6 


Methods and Principles 
and Principles of Frank B. Gilbreth, Inc K 
Condit Am. Mach., vol. 58, no. 18, May 3, 192 
pp. 665-666, 2 figs Function of management en 
neer to reduce raise wages, increase profit 
seeing that workmen has material to work 
principles of blank-form construction 

Rate Setting. Setting Piece Rates by 
Chart and Slide Rule, Donald Ross-Ross 
Management (N. Y vol, 65, no. 5, May 
301-305, 6 figs Method worked out by 
certain specific rate-setting problems 
lide rule described lend itself to 
operations 

Routing Work in Foundry. 
Steel Foundry, Larry |]. Barton Iron Age, vol 
no. 17, Apr. 26, 1923, pp. 1170-1172, 7 figs. Sy 
of records designed to prevent harmful leak or 
filled completely 


Management Methox 
4 } 


costs, 


Formi 
Ind 
1923 
author 
but chart 
wide variet 


Routing Work in 


and according to promise 


INTERNAL-COMBUSTION ENGINES 

Exhaust Mufflers. Conquering the Noise, Hira: 
Maxim Power, vol. 57, no. 17, Apr. 24, 1923 
630-633, 7 fig Results of experiments in deve 
ing silencer for firearms; de constructio 
exhaust muffler 


IRON CASTINGS 


Annealing 
Gray Iron 


Critical Temperature for Ant 

Emil Schuz Forging & Heat Trea 
vol. 9, no. 4, Apr. 1923, pp. 182.185, 6 fig 

fluence of phosphorus and graphite on hard 
importance of pearlite; examples of cementit 
composition, procedure for determining critica 

perature rranslated from Stahl u 
i 


Qoo 


Kisen ec] 


LABOR 


Classification Labor Classification and Pa 
Analysis, Carleton I Bre Taylor So 
vol. 8, no. 2, Apr. 1925, pp. 69-75 and (discu 
75 Describes method tested, tried 

found satisfactory by Corona Typewriter Co 


LOCOMOTIVES 


Valve Gears. The Caprotti Locomotive Valve 
Engineering, vol. 115, no. 2991, Apr. 27, 19% 
522-523, 17 partly on supp. plate De 
form of gear introduced on Italian State Railw 
which is not worked by eccentrics or rods, but 
volving bevel-driven shaft 


MACHINE SHOPS 

Ford River Rouge Plant Ford Principle 
Practice at River Rouge Tohn H. Van De 
Indus. Management (N. ¥ vol. 65, no 
1923, pp 7, 15 fig Machine 
ment and parts transportation Parts for 54 
son tractors and SOOO cylinder-block castir 
Ford cars are machined daily 


MILLING CUTTERS 

Stellite. Milling with Stellite Cutters, C. W 
ger Machy N. ¥ vol. 29, no. 9, May 19 
717-720, 6 figs Directions for obtaining be 
and highest efficiency in using stellite 

OIL ENGINES 

Solid-Injection. Solid-Injection Oil Engine 
gations in Sweden, Edvin Lundgren Pow 
57, no. 18, May 1, 1923, pp. 666-669, 4 fig 
of experimental work of Swedish Diesel de 
development of Hesselman solid-injection oi 
particular emphasis is laid on fuel 

PYROMETERS 

Radiation. A New 


wn 


oa o 
77, 2 fig 


higs 


7 9 
eof 204, 


tool arr 


milling 


atomiuzat 


Radiation Pyrometer Flir 
Iron Age, vol. 111, no. 18, May 3, 1923, 502 
1303, 7 figs. Portable instrument for mea ment 
of high temperatures manufactured by 

Halske, Berlin, German 


RAILWAY SHOPS 


Economies. Suggested Economies for the ! road 
Shop, L. S. Love. Iron Age, vol. 111, no May 
10, 1923, pp. 1317-1319, 6 figs What an lastem 
line has done to expedite repairs by modifying prac 
tices and preparing for needs in advance 


SPRINGS 


Oscillations and Fatigue. (Oscillations a: stigue 
of Springs, Joseph K. Wood. 4m. Mach i. B, 
nos. 2, 3 and 4, Jan. 11, 18 and 25, 1923, pp. 67-70, 
113-117 and 155-158, 17 figs Jan. 11 eneral 
cases of vibration; period equation derived wi 
assumed constant load attached to spring amped 
vibrations. Jan. 18: Period equations for springs 
without attached weight; values for helical and 
flexural springs; general period formula an. 25 
Internal friction as chief cause of fatigue; two 
sistances in hysteresis; overstrain and it actical 
uses 


STEAM POWER PLANTS 


By-Product Power. Huge Savings Possil 
Use of By-product Power, Lewis J. Sforzini 
vol. 57, no. 17, Apr. 24, 1923, pp. 624-62 
Possibilities of low-pressure turbine; adva 
use of steam engine or turbine for reducing pressuf® 
to points below 20-lb. gage when process um de 
mand is spread over reasonable number of hours 


WAGES 


Premium and Bonus Systems. 
Bonus Plans, H. K. Hathaway Taylor So 3 
vol. 8, no. 2, Apr. 1923, pp. 59-65. Discusses straight 
piece-work, Halsey’s premium, Emerson's bonus, * 
and task systems; explains Gantt task and boa® 
system in detail which author believes, is best {foe @ 
standpoint of accomplishment in matter of 
production and low cost, and as preventive o! d 
understandings and mistrust that are at bottom 
most labor troubles. 


by the 
Powe, 
7 figs 
tage @ 
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€ 1 pal 





